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II  AUSlmCT  I 

The  object  of  this  program  was  to  develop  design  data  and  produce  40,500  lb  of  J 
guanidine  nitrate  (GN)  via  the  catalytic  reaction  of  ammonium  nitrate  (AN)  and  urea.  • 

Laboratory  and  pilot  plant  experiments  confirmed  the  soundness  of  the  process  as  de¬ 
scribed  in  the  literature.  Mathematical  models  ?nd  computer  programs  developed  on  the 
basis  of  laboratory  kinetic  and  process  variable  data  proved  to  be  fully  capable  in 
predicting  the  behavior  of  packed  bed  tubular  reactors.  A  semi -continuous  pilot  plant 
(nominal  capacity  of  ‘'O  lb  GN/hr)  was  constructed  on  the  basis  of  laboratory  data.  The 
plant,  containing  eight  parallel  4-inch-dia.  tubular  reactors,  employed  production 
plant  prototype  equipment.  About  one  ton  of  96+%  purity  GN  was  produced  using  a  single 
aqueous  crystallization  step  for  product  recovery.  This  material  was  ''apable  to  being 
converted  to  nitroguanidinc  (NQ)  comparable  to  NQ  produced  in  the  Cyanamid  of  Canada 
production  facilities.  Total  production  was  not  met  because  of  catalyst  poi soning ,whi ch 
was  traced  to  phosphates  and  perhaps  borates  in  commercial  grade  AN.  When  commercial 
add! ti ve- tree  AN  and  urea  were  used  with  Houdry  CP-532  silica  beads  (only  known  suitable 
catalyst  ior  packed  beds)  in  a  4-inch-dia.  reactor,  the  following  results  were  obtained: 
38  lb  GN/lb  catalyst  minimum  mileage,  8  37.  urea  conversion  and  957.  urea  to  GN  yield. 

A  minimum  mileage  of  65  gm  GN/gm  catalyst  was  demonstrated  in  a  1-in. -din.  reactor. 

These  results  surpassed  the  literature  values.  Sensitivity  and  hazards  analysts 
show  that  no  in-process  material  is  capable  of  sel 1 -propagation.  Preliminary  eco¬ 
nomic  studies  indicate  cost  advantages  over  the  British  aeneous  fusion  process. 
Continuation  of  pilot  plant  operations  to  extend  catalyst  mileage  data,  particu¬ 
larly  with  recycle,  and  more  detailed  cost  analysis  are  recommended. 
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ABSTRACT 


The  object  of  this  program  was  to  develop  design  data  and  product. 

40,500  lb  of  guanidine  nitrate  (GN)  via  the  catalytic  reaction  of  ammonium 
nitrate  (AN)  and  urea.  Laboratory  and  pilot  plant  experiments  confirmed 
the  soundness  of  the  process  as  described  in  the  literature.  Mathematical 
models  and  computer  programs  ueveloped  on  the  basis  of  laboratory  kinetic 
and  process  variable  data  proved  to  be  fully  capable  in  predicting  the  be¬ 
havior  of  packed  bed  tubular  reactors.  A  semi-cor.lmuous  pilot  plant  (nomi¬ 
nal  capacity  of  50  lb  GN/hr)  was  constructed  on  the  basis  of  laboratory 
data.  The  plant,  containing  eight  parallel  4-Jnch-dtameter  tubular  reactors, 
employed  production  plant  prototype  equipment.  About  one  ton  of  96+/'.  purity 
GN  was  produced  using  a  single,  aqueous  crystallization  step  for  product 
recovery.  This  material  was  capable  of  being  converted  to  nitroguanidine 
(NQ)  comparable  to  NQ  produced  in  the  Cyananud  of  Canada  production  facili¬ 
ties.  Total  production  was  not  met  because  of  catalyst  poisoning  which  was 
traced  to  phosphates  and  perhaps  borates  in  commercial  grade  AN.  I, lien  com¬ 
mercial  additive-free  AN  and  urea  were  used  with  Houdry  CP-532  silica  beads 
(only  known  suitable  catalyst  for  packed  beds)  in  a  4-inch-diameter  reactor, 
the  following  results  were  obtained:  38  lb  GN  /lb  catalyst  minimum  mileage,  837. 
urea  conversion  and  95Z  urea  to  GN  yield.  A  minimum  mileage  of  G5  gm  GN/gm 
catalyst  was  demonstrated  in  a  1-inch-diameter  reactor.  These  results  sur¬ 
passed  the  literature  values.  Sensitivity  and  hazaras  analyses  show  that  no 
in-process  material  is  capable  of  self-propagat ion.  Preliminary  economic 
studies  indicate-  cost  advantages  over  the  British  aqueous  fusion  process. 
Continuation  of  pilot  plant  operations  to  extend  catalyst  mileage  data, 
particularly  with  recycle,  and  more  detailed  cost  analysis  are  recommended. 
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FOREWORD 


This  program  was  conducted  by  Hercules  Incorporated,  Kenvil,  New 
under  Contract  DAAA21  71-/'-rt1Q‘*  vjc#st-|nny  Arsenal.  The 

Contract  Project  Officer  for  this  contract  at  Pieatinny  Arsenal  was 
Mr,  C,  H.  Nichols.  Hercules  Incorporated  program  organization  was  as 
follows:  (1)  Program  Manager  -  Mr.  N.  W,  Steele  (Kenvil);  (2)  Princi¬ 
pal  Investigators  -  Messrs.  J.  A.  Doyle  and  M.  G.  Whippen  (Kenvil); 

Drs.  C.  R.  Shertzer,  V.  J.  Corbo,  J.  T.  Hays  and  Messrs.  R„  H.  Dale, 

B.  Kleban  (Research  Center);  Dr.  J.  A.  Gorton  and  Mr.  J.  Gardner  (Home 
Office  Engineering)  and  Dr.  D,  Smith  and  Mr.  E.  S.  Krupko  (Allegany  Bal¬ 
listics  Laboratory).  This  report,  which  was  forwarded  to  the  Contract 
Project  Of fi.cer  for  review  in  May  1973,  has  been  issued  by  Hercules 
Incorporated,  Allegany  Ballistics  Laboratory. 
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I .  SUMMARY 


A  contract  (DAAA21-71-C-0193)  was  executed  between  Hercules  Incorporated 
and  the  U.  S.  Government,  Picatinny  Arsenal,  on  October  23,  1970,  for  a  proc¬ 
ess  engineering  design  for  the  manufacture  of  guanidine  nitrate  (GN) ,  an  inter¬ 
mediate  chemical  for  nitroguanidine  (NQ) .  This  program  was  designed  for  four 
phases,  ranging  from  laboratory  process  confirmation/kinetic  studies  through 
pilot  plant  GN  production  and  culminating  in  battery  limits  process  design  cri¬ 
teria,  for  a  total  period  of  performance  of  23  months.  The  total  program  was 
not  completed  because  of  technical  problems  noted  in  the  following  summary  dis- 
c.ussicn.  It  is  believed  that  the  major  problems  nave  been  resolved,  and  conse¬ 
quently,  a  proposed  follow-on  program  has  been  submitted  to  Picatinny  Arsenal  to 
complete  (with  the  exception  of  the  Phase  IV  design  criteria)  the  original  scope 
of  work.  This  report  (Volume  I)  presents  in  detail  the  work,  accomplishments, 
conclusions  and  recommendations  for  the  period  of  performance  from  October  23, 
1970  through  February  4,  1973.  The  additional  work  beyond  the  original  contract 
expiration  date  of  September  23,  1972,  was  covered  by  contract  modifications.  A 
second  volume  (Volume  II)  will  be  issued  at  a  later  date  to  report  the  work 
accomplished  on  this  program  after  February  4,  1973. 


The  preparation  of  guanidine  nitrate  from  the  catalytic  reaction  of  urea 
and  ammonium  nitrate  was  patented  by  L.  G,  Boatright  and  J.  S.  MacKay,  American 
Cyanamid  Company,  on  February  26,  1957  (Patent  U.S.  2 , 783 , 276) .  0-)  The  basic 
chemistry  of  the  reaction  is  as  follows: 

NH 

2NH2CONH2  +  NH4NO3  c~n~~1 90 ° G*~  NH2C  NH2  *  HNOj  +  2NH3  +  C02 

Urea  Ammonium  Guanidine  Nitrate  Ammonia  Carbon 

Nitrate  Dioxide 

Subsequent  patents  were  issued  to  J.  S.  MacKay,  Pittsburgh  Coke,  and  Chemical 
Company,  for  increased  yielus  through  the  use  of  a  columnar  reactor,  recycle, 
temperature  variation,  etc.  (Patent  U.S.  2,9^9,484,  August  16,  1960) (2)  and  to 
E.  Roberts  and  T.  Martin,  Minister  of  Aviation  in  Her  Majesty's  Government, 
London,  England,  for  the  eutectic  crystallization  of  guanidine  nitrate  (Patent 
U.S.  3,043,878,  July  10,  1962). (3) 


Laboratory  Studies 

Thirty-seven  batch  reaction  experiments  (1  lb  level)  were  carried  out  during 
Phase  I.  The  primary  objectives  of  these  runs  were  to  verify  earlier  results  of 
MacKay ; define  reaction  kinetics  as  a  Junction  of  temperature,  time  and  feed  mole 
rates,  establish  data  for  construction  of  mathematical  models:  establish  urea 
conversion  and  GN  yield  data;  determine  the  effect  of  feed  purity  on  conversion, 
yield  and  reaction  rate;  select  a  primary  catalyst  for  the  pilot  plant,  etc. 

Yield  and  concentration  profiles  from  kinetic  batch  reaction  runs  employing  the 
catalyst  Grace  40  silica  gel  and  reagent  grades  AN  and  urea  were  smooth,  consist¬ 
ent  and  provided  the  needed  kinetic  parameters.  Based  on  these  data,  and  on 
yield  data  at  different  operation  temperatures  as  a  function  of  reaction  time 
it  was  c on <  ruded  that  the  pre.ious  claims  relating  to  the  reaction  step  of  file 
AN/U/cat  ,  iyst-to-GN  process  were  well  founded;  i.e.,  yields  and  reaction  rates 
were  comparable.  It  was  found  that  mechanical  agitation  reduced  the  silica  eel 
particle  size,  resulting  in  higher  urea  conversions  (817,  for  h-12  mesh  catalyst 
vs  947.  for  100/129  mesh  catalyst). 


I 


At  a  constant  Al,'/U  ratio,  an  increase  in  the  catalyst  dosage  results 
in  significant  increases  in  both  C.N  yield  and  urea  conversion.  An  AN/U 
silica  gel  molar  ratio  of  2/2/1. 7  appeared  optimum. 


Evolution  of  gases  during  the  reaction  provided  sufficient  mixing  for 
adequate  heat  and  mass  transfer.  Subsequent  experiments  in  continuous 
upflow  2 -in. -diameter  reactor  and  the  magnitude  of  the  activation  energy 
(33,000  cal/g-mole)  determined  from  an  Arrhenius  plot  of  rate  constants 
showed  that  the  reaction  was  not  mass  transfer  limited.  Catalysts  other 
than  Grace  40  silica  gel  were  evaluated.  These  included  Mobil  Sorbead  R 
(silica  gel),  Mobil  Durabead  I  (silica-alumina).  Type  4A  Molecular  Sieves, 
Grace  59  silica  gel,  Cab-O-Sil  (submicron  pyrogenic  silica),  Houdry  macro- 
porous  silica  beads,  Houdry  mineral  zeolite  HZ-1  cracking  .atalyst,  Houdry 
S-46  silica-alumina  catalyst,  Filtrol  13  filter  clay  and  Grace  63  silica 
gel.  Both  Houdry  macropcrous  silica  beads  (CP-532)  and  Grace  59  silica 
gel  exhibited  mure  activity  than  Grace  4c  silica  gel.  Three  catalysts 
were  selected  for  further  consideration  in  the  program.  Emphasis,  however, 
was  placed  on  Houdry  CP-532  macroporous  silica  beads  because  of  their 
outstanding  physical  strength  characteristics .  Yield  and  conversion  data 
for  the  candidate  catalysts,  as  well  as  the  base  reference  Grace  40  silica 
gel,  are  tabulated  lsIow.  The  lesults  are  fer  a  nominal  reaction  time  of 
60  minutes,  190°C  and  a  2/2/1. 7  (AN/U/catalyst)  molar  ratio. 


COMPARISON  'TF  BEST  PERFORMING  CAlnLYSTS 
(One-Liter  Batch  Reactor) 


Catalyst 


Urea  Conversion  (?,)  ( n ) 


GN  Yield  (7,) (b) 


Grace 

Grade  40  Silica  Gel 

68 

74 

Crace 

Grade  59  Silica  Go 1 

93 

61 

Houdry 

CP-532  Silica  Beads 

88 

73 

Mobil 

Sorbead  R  Silica  Gel 

67 

5  9 

00 

(b) 

Moles  urea  reacted  per 
Moles  GN  per  mole  urea 

moles  urea  fed. 
reacted  x  2. 

A  careful  assay  of  reaction  off-gases  from  an  argon-blanketed,  one-liter 
batch  reaction  experiment  si  >wed  no  noncondensable  degradation  products 
from  the  reaction.  Both  reagent  and  various  commercial  grades  of  ammonium 
nitrate  and  urea  were  evaluated.  There  were  no  distinguishable  diff*  rences 
in  yield  and  conversion  results.  Bauch  reactor  data  showed  that  the  water 
insolubles  (ammelide)  in  the  reaction  mix  increased  with  increasing  reaction 
temperature  and  urea  concentration  in  the  feed.  At  reaction  conditions  of 
1/1  AN/U  molar  feed  ratio  and  190°C,  2  —  37/.  ammelide  was  produced  based  on 
final  dry  GN  product.  A  sharp  buildup  of  biuret  vis  noted  during  reaction 
but  declined,  indicating  the  biuret  is  a  reactant  and  that  its  presence 
I  is  little  technical  economic  effect:  on  the  process.  A  detailed  literature 
search  confirmed  this  observation  and  supported  the  assumed 


react  ion  mechanist 
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Mathemati cal  Modeling 

Mathematical  models  describing  the  behavior  of  packed  bed  tubular 
reactors  and  a  series  of  continuous  stirred  tanks  were  prepared.  Digital 
computer  programs  implementing  these  models  were  written  and  used  to  study 
the  effects  of  various  operating  parameters.  As  an  example,  -he  computer 
printout  for  a  tubular  reactor  notes  the  molar  flow  rates,  mole  fractions, 
conversion,  yield  and  temperatures  as  a  function  of  axial  distance  plus 
product  rate  and  composition  for  any  set  of  initial  conditions.  The  models 
have  full  predictive  capabilities.  They  were  utilized  >o  size  tubular 
reactors  for  both  bench-scale  studies  and  the  pilot  plant.  Resulting 
experimental  data  confirmed  their  accuracy  and  value  for  future  use. 
Calculations  showed  that  cascaded  stirred  tank  reactors  were  more  attractive 
than  tubular  reactors  from  the  standpoint  of  GN  yield.  However,  stirred 
tank  reactors  were  not  selected  for  the  pilot  plant  because  of  their  unknown 
potential  hazards  and  inherent  design  problems  regarding  catalyst  confinement, 
fluid  flow  and  heat  transfer. 

Bench-Scale  Reactor  Studies 

A  2-in. -diameter  reactor  was  operated  with  both  up-flow  and  down-flow 
conditions.  This  reactor  was  a  prototype  of  the  eight  4  in.  diameter  by 
12  ft  tall  reactors  employed  in  the  pilot  plant.  Operation  of  this  reactor 
demonstrated  the  feasibility  of  packed  bed  tubular  reactors  with  the  produc¬ 
tion  of  GN  at  predicted  rates.  Reactor  effluents  contained  as  much  as 
55  wt.  7«  GN.  The  yield,  conversion,  product  composition  and  temperature 
profile  data  agreed  favorably  with  the  predicted  v\  lues.  Parameters  investi¬ 
gated  included  temperature,  AN/U  ratio,  grades  of  reactants,  feed  rate, 
bed  height  and  GN  in  feed.  An  overall  material  balance  of  95.17.  (AN  - 
99,77,,  U  -  91.97)  with  yields  of  AN  =  99.37.,  U  =  85.27.  and  a  urea  conversion 
of  47.87.  was  achieved  for  one  run.  The  data  were  consistent  with  those 
obtained  in  the  batch  reactor  experiments. 


Results  from  batch  reactor  experiments,  2-in. -diameter  reactor  runs 
and  pilot  plant  operations  upheld  the  objectives  that  were  originally 
foreseen  for  the  process  in  the  area  of  waste  disposal  and  pollution  control. 

1*1  lot  PI . u it  Des i jrn 

Following  completion  of  the  laboratory  and  bench-scale  reactor  studies, 
a  pilot  plant  was  designed  and  constructed  for  producing  guanidine  nitrate 
at  a  nominal  rate  of  50  lb/hr  via  the  catalytic  ammonium  nitrate/urea 
process.  The  reactor  system  consisted  of  eight  4  in.  diameter  by  12  ft  tall 
jacketed  reactors  installed  in  parallel  with  common  feed  and  gas-liquid 
separators.  Steam  for  the  reactors  and  other  selected  operations  was 
supplied  by  captive,  electrically  operated,  400  psig  boilers.  Remaining 
pieces  of  pilot  plant  process  equipment  were  also  designed  as  prototypes 
of  items  to  be  employed  in  a  production  plant.  This  included  equipment  for 
the  following  unit  operations:  AN/U  melting,  reactor  product  water  quench¬ 
ing,  water- insolubles  removal,  GN  crystallization,  centrifugation  for  GN 
recovery  and  mother  liquor  evaporation  h:  AN/U/GN  recycle.  The  selected 
dryer  was  a  production  plant  prototype;  however,  operating  experience  showed 
that  it  and  Other  types  ot  mechanically  agitated,  indirectly  heated  dryers 


are  unsatisfactory  for  drying  water-wet  GN.  It  appears  that  direct  air 
heated  dryers  will  be  satisfactory.  The  pilot  plant  complex  was  designed 
and  constructed  as  an  almost  totally  contained  system;  i„e„,  reactor  off¬ 
gas  collection  system,  electric  substation,  vacuum  system,  chilled  water 
system,  etc.  Rules  and  regulation  regarding  safety  and  ecology  were 
aihered  to.  Procurement  and  installation  of  all  process  and  auxiliary 
equipment,  piping,  instrumentation,  electrical,  etc.,  were  completed  in 
six  months.  The  primary  catalyst  employed  was  Houdry  CP -532  Macroporous 
Silica  Beads.  Other  catalysts  were  evaluated  and  are  noted  below. 

Pilot  Plant  Operation 

Start  !p  of  the  pilot  plant  required  longer  than  anticipated  because 
of  the  following  problems:  plugged  lines  resulting  from  insufficient  steam 
tracings,  hot  AN/U  gassing  in  transfer  and  metering  pumps,  loss  of  high- 
pressure  steam  due  to  repeated  failures  of  the  electric,  boilers,  vacuum 
leaks,  etc.  Eventually,  the  entire  pilot  plant  was  operated  as  an  integrated 
unit  to  demonstrate  the  basic  design  concept.  During  the  start-up  period, 
the  Houdry  beads  were  severely  thermal  cycled,  resulting  in  physical 
breakdown  of  the  catalyst  and  loss  of  flow  through  the  reactor  tubes. 
Inoperability  of  the  reactors  was  due,  on  at  least  one  occasion,  to  buildup 
of  ammelide. 


Two  separate  compaigns  were  carried  out  in  attempts  to  produce  the 
contractual  requirement  of  40,500  lb  of  GN.  Mechanically,  the  plant  ran 
well  during  most  of  the  time;  however,  only  about  one  ton  of  GN  was  produced 
over  approximately  a  2 -month  period.  This  period  had  considerable  down¬ 
time  for  repairs,  catalyst  changing,  etc.  The  GN  produced  was  9£d-%  pure. 

A  representative  sample  of  GN  was  converted  to  nit roguanidine  at  Cyanamid 
of  Ca..ada.  The  resulting  NQ  was  similar,  in  all  respects,  to  Cynamid's 
normal  production  material.  Reaction  melt  was  quenched  with  water  and  then 
subjected  to  a  single  crystallization  for  GN  recovery.  This  method  of  GN 
recovery  was  based  on  the  results  of  laboratory  experiments  where  both  the 
single  aqueous  crystallization  and  the  dual  eutectic-aqueous  crystallization 
systems  were  investigated.  The  laboratory  data  showed  no  advantage  to  the 
dual  recovery  scheme.  Water  insolubles  were  satisfactorily  removed  from 
the  hot  aqueous  quench  solution  with  a  high-speed  solid  howl  centrifuge. 
Recovery  of  GN  crystals  from  the  crystallizer  slurry  with  a  basket  centrifuge 
presented  no  problems. 

C  a  t  a  lyst:  Poisoning  Resolution 

During  the  above  pilot  plant  production  efforts,  productivity  decreased 
from  about  3-4  lb  GN/hr/tube  to  1  lb  GN/hr/tuhe  within  one  week  when  using 
Houdry  CP-532  silica  beads.  Single,  4-in. -diameter  reactor  experiments  were 
performed  using  pilot  plant  feed  ingredients  and  three  different  types  of 
catalyst  -  Houdry  beads,  Mobil  Sor beads  R,  and  Grace  grade  59  silica  gel. 
Operating  conditions  such  as  feed  makeup,  feed  rate  and  temperature  were 
carefully  controlled.  Initial  product ivi t let  were  consistent  with  predicted 
values;  however,  they  decreased  as  a  function  of  time.  Catalyst  halt-1 lie 


times  ranged  from  several  hours  to  about  five  days.  It  was  reasoned  that 
the  catalyst  problem  could  arise  from  (1)  impurities  in  the  feed  materials, 

(2)  by-products  from  degradation  of  feed  material,  especially  urea,  or  (3) 
heterocyclic  products,  such  as  ammelide,  which  are  formed  as  co-products 
in  the  GN  reaction.  In  a  series  of  continuous  down-flow  runs  in  a  l-in.~ 
diameter  column  containing  Grace  59  silica  gel  catalyst,  following  a  logic 
diagram,  it  was  concluded  that  chemical  crystal  habit  modifiers  (diaramonium 
phosphate,  diammonium  sulfate,  and  boric  acid)  were  the  most  important  culprits. 
It  was  concluded  that  phosphates  definitely  are  poisons.  Borates,  another 
suspect,  are  probably  not  detrimental  on  a  one-pass  operation  but  might 
still  be  detrimental  on  recycle.  Laboratory  experiments  were  consistent 
with  these  results,  indicating  that  phosphates  and  borates  did  tend  to  be 
removed  from  feeds.  Commercial  ammonium  nitrate  containing  a  crystal  habit 
modifier  produced  a  somewhat  lowsr  yield  than  reagent  grade  AN.  A  literature 
review  generally  reinforced  the  conclusion  that  impurities  in  the  AN  were 
the  key  problem. 


Several  attempts  were  trade  to  demonstrate  sustained  GN  productivity 
in  a  single,  4- in, -diameter  reactor  containing  Grace  59  silica  gel  and  with 
additive-free  ammonium  nitrate.  The  tests  were  inconclusive  because  of  flov 
restriction  caused  by  catalyst  breakdown.  This  breakdown  was  attributed 
to  the  presence  of  water  in  the  feed.  Subsequent  diagnostic  tests  in  a  1- 
in. -diameter  down-flow  reactor  and  additive-f 1  ue  grades  of  AN  and  urea 
feed  containing  17,  water  showed  that  Grace  59  silica  gel  softens  and  tends 
to  powder  under  such  conditions.  It  was  concluded  that  Grace  59  silica  gel 
is  not  suitable  for  packed  bed  reactors. 


Houdry  CP -532  silica  beads  were  tested  with  addi t ice -free  AN  and  urea, 
containing  17.  water,  in  a  1 -in. -diameter  down-flow  reactor.  Reactor  opera¬ 
tion  was  voluntarily  terminated  after  335  hours  of  continuous  operation, 
resulting  in  a  mileage  of  65  gm  GN/grn  catalyst  and  no  indications  of  catalyst 
activi'-v  decay.  A  single,  4-in. -diameter  reactor  containing  Houdry  beads 
and  continuously  fed  with  virgin  additive-free  melt  (AN  and  U  with  ca  0,87 
water)  yielded  a  mileage  of  38  lb  GN/lb  catalyst  in  115  hr  of  operation. 
Activity  decay  and  physical  breakdown  of  the  Houdry  beads  were  not  evident. 
Houdry  beads  are  the  .only  oown  satisfactory  catalyst  for  a  packed  bed 
reactor.  During  this  experisuent,  urea  conversion  to  GN  and  ammonium  carbamate 
was  837..  Guanidine  nitrate  yield  (assuming  full  credit,  for  tiie  ammonium 
carbamate  off-gas)  was  957.  based  on  urea  reacted.  Production  rate  at  a  1/1 
AN/U  molar  feed  ratio  and  a  reactor  jacket  temperature  cf  208’C  averaged  9.(1 
lb  GN/hr/reactor .  These  results  were  in  almost  complete  agreement  with  values 
predicted  from  the  mathematical  model  and  represent  a  significant  advancement 
in  the  technology  for  manufacturing  GN  via  the  U/AN  route. 

Process  Hazards  Analytic 

Sensitivity  testing  showed  that  no  material  in  the  pilot  plant  wouLd 
transit  from  burning  to  explosion.  In  other  words,  the  system  is  not 
capable  of  acting  as  an  explosive  shock  donor  to  process  materials.  The 
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reactor  effluent  and  guanidine  nitrate  will  propagate  an  explosive  reaction 
if  sufficiently  boostered.  Critical  diameter  for  each  material  is  less  than 
one  inch  while  other  process  materials  will  not  sustain  explosive  reactions 
in  1-in. -diameter  interconnecting  lines.  Testing  in  accordance  with  TB-700-2 
showed  that  guanidine  nitrate  is  a  Class  B  material.  However,  based  on 
these  data  and  in-house  data,  the  government  has  tentatively  classified 
GN  (less  than  257.  water  content)  as  Class  7  ior  in-process  and  as  an  oxidizing 
agent  for  storage  and  shipping.  An  engineering  analysis  of  pilot  plant 
equipment  for  possible  hazards  and  safety  margins  showed  no  hazards  for 
normal  operating  conditions.  7f  initiation  w  re  to  occur,  only  a  fire 
would  result.  A  computer  simulation  of  a  lcfxc  model  (Fault  Tree)  over 
an  operating  period  of  600  hr  resulted  in  a  probability  of  initiation  of 
4.6  x  lO'-^or  a  corresponding  probability  of  no  initiation  of  0.9953. 


Materials  of  Construction 

Materials  of  construction  were  previously  evaluated  briefly  by  MacKay 
in  his  1955  work.  (4)  Limited  exposure  ol  5052  aluminum,  394  and  31b  stain¬ 
less  steel  in  reactor  feed  and  reactor  effluent  media  verified  his  findings 
that  304  stainless  steel  would  be  the  preferred  material  of  construction 
for  the  reaction  and  workup  stages.  All  materials  showed  very  low  corrosion 
rates  in  mils  per  year;  the  material  having  the  highest  rate,  1.54  mils 
per  year,  was  the  aluminum  used  in  the  reactor  effluent. 


Preliminary  Economic  Studies 

Preliminary  economic  studies  were  conducted  for  the  AN/U  process  for 
manufacturing  guanidine  nitrate.  The  object  of  adding  an  economic  dimension 
to  the  parame ters  involve-4  was  to  show  the  effect  of  economics  on  engineering 
alternatives.  Cost  estimates  were  made  on  the  basis  of  u  chemical  type  plant, 
continuous  operation  with  recycle  and  within  battery  limits.  To  indicate 
the  engine  ting  ,  feet  of  parameter  change,  an  industrial  accounting  system 
was  used,  ''osta  were  also  generated  by  a  United  States  Government  accounting 
system  which  does  not  include  insurance ,  taxes,  depreciation  and  profit.  Since 
manpower,  raw  materials,  etc.,  a  Lone  do  not  adequately  indicate  the  changer 
in  the  process  engineering  system,  the  government  accounting  system  was  not 
used  as  the  primary  indicator  of  parameter  incremental  differences.  A  basic 
*0  million  lb  GN  per  year  plant,  with  packed  bed  reactors  yielded  a  total  mill 
cost,  of  10.  L  i?  «*  / 1 1>  GN  with  i  307.  return  transfer  price  of  17.2^/lh  GN .  The 
cost,  advantage,  of  production  operation  appears  to  level  oil  at  a  plant  capac¬ 
ity  of  70  to  90  million  lh  per  yea i  at  which  the  transfer  price  of  GN  drops 
approximately  157..  These  values  are  based  on  zero  by-product  (ammonium 
carbamate  off-gas)  credit.  Maximum  credit  value  for  AC  is  estimated  at 
3d/lb  AC.  This  would  result  in  a  reduction  of  about  1  .Sjf/lb  GN  in  the  mill 
cost.  For  each  1 i  decrease  in  urea  price,  the  GN  mill  cost  decreases  i  ,2'H 
per  pound.  The  optimum  residence  time  for  a  packed  bed  reactor  is  one  hour, 
which  gives  an  80/'.  urea  yield.  Similarly,  the  optimum  AN/U  ratio  in  the 
reactor  feed  is  very  nearly  one.  A  substantial  cost:  incentive  is  seen  for 
t he  single  aqueous  crystallization  as  compared  to  the  combined  eutectic- 
aqueous  crystallization  method  for  GN  recovery.  A  comparison  of  packed 
beds  vs  stirred  tank  reactors,  neglecting  safety  and  potent  ml  design 
problems,  showed  a  definite  cost  advantage  for  stirred  tanks.  In  all 


cases,  a  six-month  catalyst  life  with  Houdry  macroporous  silica  beads  was 
assumed.  Even  with  a  2-month  life,  the  catalyst  portion  of  the  costs  would 
be  only  0.45^/lb  GN,  which  can  be  tolerated. 


To  summarize,  this  program  has  demonstrated  the  fundamental  concept 
of  manufacturing  GN  by  the  catalytic  reaction  of  ammonium  nitrate  and  urea. 
Operation  of  1-in.  and  4- in. -diameter  reactors  has  yielded  data  surpassing 
any  data  reported  in  the  literature  pertaining  to  on-stream  time,  catalyst 
displacements  (lb  feed/lb  catalyst)  and  catalyst  productivity  (lb  GN/lb 
catalyst).  Houdry  beads,  which  have  been  found  to  be  physically  strong  and 
insensitive  to  water,  appear  to  be  an  excellent  catalyst.  However,  further 
work  is  required  to  assure  their  continued  availability  and/or  to  determine 
a  second  source  of  a  suitable  catalyst.  Certain  materials  in  commercial 
grades  of  ammonium  nitrate  can  poison  the  catalyst,  but  judicious  selection 
of  virgin  AN  will  eliminate  this  problem.  The  process  has  only  two  by- 
products--amraonium  carbamate  (AC)  off-gas  and  water  insolubles  (ammelide) . 
The  AC  can  be  collected  and  used  to  produce  process  feed  materials  (AN 
and/or  urea)  or  sold  as  nitrogen  and  carbon  dioxide.  The  ammelide  can 
possibly  be  used  as  a  slow  release  fertilizer  or  hydrolyzed  to  NH^  and  C0£. 
Preliminary  and  unreported  cost  calculations  indicate  that  the  AN7U  process 
will  require  less  investment  and  lower  operating  costs  than  the  HAF  process. 


In  view  of  the  progress  made  during  this  program,  additional  work  for 
the  immediate  future  is  justified.  Consequently,  a  follow-on  proposal  has 
been  submitted  to  the  United  States  Government  to  accomplish  the  following: 

(a)  Modify  the  GN  pilot  plant  to  minimize  operating  problems. 

(b)  Operate  the  pilot  plant  to  obtain  additional  process  engineering 
data,  demonstrate  a  catalyst  mileage  of  about  200  lb  GN/lb 
catalyst  with  recycle,  and  produce  a  sufficient  quantity  of  GN 
for  subsequent  conversion  to  ni t roguanidine . 

(c)  Conduct  an  economic  study  to  permit  a  logical  and  timely  decision 
between  the  BAF  and  AN/U  processes.  The  studies  would  consist 

of  alternate  processes  for  reactor  off-gas  utilization  and 
investment  plus  operating  costs  for  a  total  nitroguanidine  facility 
utilizing  the  AN/U  reaction  for  GN. 

(d)  Place  the  pilot  plant  in  a  standby  condition. 
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XI.  CONCLUSIONS  AND  RECOMMENDATIONS 


Although  the  complete  work  scope  of  the  original  contract  has  not  been 
accomplished,  the  results  obtained  thus  far  have  led  to  several  firm  and  im¬ 
portant  conclusions.  These  are  discussed  below  in  some  technical  detail. 

The  contusions  and  recommendations  are  based  on  data  obtained  only  through 
February  4,  1973. 


1.  The  process  for  producing  guanidine  nitrate  (GN)  by  the  ele¬ 
vated  temperature  catalytic  conversion  of  ammonium  nitrate  (AN) 
and  urea  (U)  is  fundamentally  sound  and  operable  from  both  theo¬ 
retical  and  practical  points  of  view.  This  conclusion  is  based  on 
the  operation  of  an  integrated  pilot  plant  employing  prototype  pro¬ 
duction  plant  equipment  to  produce  about  one  ton  of  GN  that  can 
be  converted  to  nitroguanidine  (NQ)  comparable  to  material  pro¬ 
duced  in  the  Cyanamid  of  Canada  production  facilities. 


2.  The  key  question  now  is  whether  an  economic  catalyst  mileage  can 
be  obtained  in  steady  recycle  operation.  A  corollary  need  is  to 
show  that  the  production  of  ammelide  by-product  stays  at  a  low  level 
(1-27,)  so  that  problems  with  catalyst  blockage,  purification  or 
disposal  do  not  arise. 


3.  GN  productivity,  urea  conversion,  GN  yield,  and  reactor  tempera¬ 
ture  values  predicted  from  laboratory  data  and  a  packed  bed  tu¬ 
bular  reactor  mathematical  model  were  demonstrated  in  the  pilot 
plant  in  which  viigin  (nonrecycle)  AN  and  urea  feed  were  used. 

The  mathematical  .iodel  can  be  used  to  accurately  predict  incremental 
reactor  conditions  and  final  results  under  a  variety  of  operat¬ 
ing  parameters,  e.g. ,  feed  rate  and  molar  ratio,  and  reactor 
temperature ,  length  and  diameter.  The  pilot  plant  reactors,  de¬ 
signed  on  the  basis  of  the  mathematical  model,  performed  as 
predicted . 


4.  The  AN/U  process  for  manufacturing  GN  is  chemically  clean  in 
that  the  by-product  level  is  low  and  the  unconverted  reagents 
can  be  recycled  with  minimal  rework.  The  major  product,  water- 
insoluble  ammelide,  is  produced  at  a  level  of  less  than  2  wt. 

7,  (based  on  GN)  and  can  be  controlled  by  altering  process  con¬ 
ditions  such  as  feed  AN/U  mole  ratio  and  reactor  temperature. 

This  by-product  can  be  removed,  by  centrifugation,  from  a  hot 
aqueous  stream  before  recovery  of  GN.  A  reactor  GN  yield  of  93/., 
accompanied  by  an  837..  urea  conversion,  was  demonstrated  in  the 
pilot  plant  with  virgin  feed. 


A  packed  bed  tubular  reactor  operated  in  a  continuous  manner  is 
a  reasonable  and  sound  approach  for  a  GN  production  plant.  In 
principle,  this  type  of  reactor  can  be  scaled  up  for  production 
requirements  consistent  with  economics  and  safety.  Since  the 
operation  of  Che  tubular  reactor  has  been  demonstrated  in  essen¬ 
tially  a  production-sized  module,  alternate  reactor  designs  such 
as  stirred  tanks  do  not  warrant  investigation  at  this  time. 

This  latter  type  of  reactor  design  will  present  problems  rela¬ 
ted  to  catalyst  attrition,  scale-up  kinetics  and  heaC  transfer, 
equipment  structural  integrity,  and  safety.  The  chief  justifi¬ 
cation  would  be  as  backup  in  case  a  cheap,  structurally  weak, 
low-mileage  catalyst  is  the  only  available  one. 


Catalyst  mileages  of  68  gm  GN/gm  catalyst  and  38  lb  GN/lb  cata¬ 
lyst  (Houdry  CP  532  Macroporous  Silica  Beads)  have  been  demon¬ 
strated  in  continuously  eperated  1-in.  and  4-in.  diameter  tubu¬ 
lar  reactors,  respectively.  These  values  are  in  excess  of  or 
equivalent  to  those  obtained  by  McKay  and  other  researchers  in 
laboratory  size  equipment.  These  results  were  obtained  with 
virgin  feed  material  and  the  runs  were  terminated  voluntarily, 
i.e.,  not  as  a  result  or  deactivation.  It  is  believed 

that  mileage*  -omparable  to  or  greater  than  the  above  can  be  at¬ 
tained  wirh  recycle  of  unreacted  AN  and  urea.  Satisfactory 
operation  of  the  pilot  plant  with  recycle  feed  and  a  demonstra¬ 
ted  longer  catalyst  mileage  are  required. 


During  the  operation  of  the  pilot  plant,  catalyst  poisoning  be¬ 
came  a  paramount  problem.  A  series  of  experiments  was  performed 
in  a  down-flow,  1-in, -diameter  column  following  a  logical  deci¬ 
sion  tree.  It  was  concluded  that  the  crystal  habit  modifier 
impurities  in  the  commercial  grade  ammonium  nitrate  were  the 
major  contributor  to  catalyst  poisoning.  was  farther  shown 
that  phosphates  were  the  most  important  detrimental  chemical. 
Borates,  another  suspect,  are  prooably  not  detrimental  on  a 
single-pass  operation  but  might  be  in  a  continuous  recycle  sys¬ 
tem.  Ammonium  nitrate  and  urea  feed  materials  completely  free 
of  any  additives  are  recorauended  for  all  future  guanidine  ni¬ 
trate  programs  -  development  or  production.  (It  should  be  noted 
that  the  standard  military  specification  grades  of  AN  are  not 
suitable  for  this  process  because  of  the  above  noted  crystal 
habit  modifiers.) 


The  rate  of  poisoning  is  a  function  oi  the  type  of  catalyst. 
This  is  presumably  associated  with  particle  geometry,  pore  vol¬ 
ume  and  pore  diameter.  Three  catalysts  that  were  extensively 
evaluated  showed  the  following  decreasing  rate  of  poisoning: 

(a)  Mobil  Sorbeads,  (b)  Houdry  CP  532  silica  heads,  and  (c) 
Grace  grade  j9  silica  gel.  Houdry  beads  are  preferred  because 
of  physical  incegrtty. 


9 


9. 


In  addition  to  affecting  yield,  the  presence  of  free  water  (about 
1%)  in  the  reactor  ceed  results  in  physical  degradation  of  Grace 
grade  59  silica  gel  and  Mobil  Sorbeads.  Thermal  cycling  of  a 
packed  bed  tubular  reactor  affects  the  physical  characteristics 
of  all  catalysts  to  varying  degrees.  Mobil  Sorbeads  lose  their 
original  identity  very  easily  while  Grace  59  silica  gel  breaks 
down  less  rapidly.  Houdry  CP  532  silica  beads  showed  evidence 
of  attrition  only  during  the  initial  period  of  pilot  plant 
operations  when  the  reactors  were  thermally  cycled  numerous 
times  with  occluded  reaction  melt.  No  evidence  of  Houdry  bead 
attrition  was  evident  when  pilot  plant  reactors  were  operated 
under  design  conditions.  It  was  concluded  that  Grace  59  silica 
gel  and  Mobil  Sorbead  catalysts  are  unsatisfactory  for  packed 
bed  tubular  reactors.  Houdry  CP  532  silica  bead  catalyst  is  the 
only  known  acceptable  catalyst  for  this  application.  The  Hou¬ 
dry  catalyst  is  presently  available  only  in  experimental  quan¬ 
tities,  but  presumably  could  be  available  at  a  reasonable  price- 
volume  relationship. 


10.  Both  laboratory  one-liter  batch  reaction  experiments  and  con¬ 
tinuous  single-tube  pilot  plant  reactor  operations  show  that  the 
ammonium  carbamate  reactor  off-gas  and  guanidine  nitrate  are 
produced  at  a  one-to-one  molar  ratio. 


11.  Observation  of  a  2-in. -diameter  glass  columnar  reactor  showed 

the  presence  of  gas  bubbles  throughout  the  catalyst  bed.  Based 
on  the  visual  observations,  the  eight  parallel  pilot  plant  re¬ 
actors  were  designed  with  the  assumption  that  liquid  melt  feed 
would  distribute  evenly  among  the  reactors.  It  was  subsequently 
concluded  that  other  provisions  must  be  made  for  flow  distribu¬ 
tion,  e.g. ,  individual  flow  controllers  or  properly  designed 
back  pressure  feed  orifices.  Disengagement  of  reactor  off-gases 
from  the  reaction  melt  is  fairly  complete  with  a  short  residence 
time.  No  entrainment  of  liquid  was  noted  in  the  off-gas. 


12.  A  density  controller  was  incorporated  into  the  pilot  plant  for 
the  sole  purpose  of  determining  the  proper  ratio  of  recycle  and 
virgin  feed  streams  for  a  prescribed  AN/U  mole  feed  ratio  to 
the  reactors.  It  has  been  concluded  that  such  a  refined  system 
is  not  required  sine.'  the  overall  process  is  se lf-compensat  ing . 
The  reaction  produces  a  low  level  of  by-products  and  conse¬ 
quently,  essentially  all  of  the  urea  and  ammonium  nitrate  that 
is  converted  goes  to  guanidine  nitrate  and  ammonium  carbamate 
(equal  to  C.N  produced).  Therefore,  it  is  necessary  to  add  only 
freah  AN  and  urea  to  the  system  equivalent  to  the  GN  produced, 
l.e.,  0.5  mole  AN  and  1  mole  urea  plus  respective  yield  losses 
per  mole  of  GN  produced. 
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13.  Reactor  performance  during  operations  can  be  monitored  easily 

through  elementary  calculations  of  reactor  productivity,  conver¬ 
sions,  and  yields.  These  calculations  are  based  only  on  feed 
rates  plus  feed  and  product  analyses  and  employ  the  premise  of 
total  nitrate  conservation.  This  method  has  been  shown  to  com¬ 
pare  favorably  with  the  more  conventional  method  of  calculating 
these  parameters  based  on  a  total  material  balance.  This  lat¬ 
ter  method  can  be  done  only  over  long  time  intervals  and  with 
complete  process  stream  weights  and  analyses.  The  estimate  meth¬ 
od  based  on  total  nitrate  conservation  is  recommended  for  fu¬ 
ture  operations  as  the  method  of  monitoring  reactor  performance. 


14.  The  single  aqueous  crystallization  method  for  reco.ering  guani¬ 
dine  nitrate  from  the  reaction  mix  of  GN,  AN  and  urea  has  been 
shovm  to  be  satisfactory.  A  reaction  mix  containing  less  than 
507.  GN  and  diluted  with  hot  water  can  be  crystallized  easily 
(evaporative  cooling  in  the  pilot  plant).  The  resultant  crys¬ 
tals  were  totally  retained  in  a  polyethylene  cloth-lined  basket 
centrifuge  and,  with  subsequent  centrifugal  water  washing, 
yielded  a  product  of  96  +  7.  purity  GN.  The  resulting  mother 
liquor  can  be  concentrated,  for  recycle  to  the  reactors,  to 
<  0.57.  water  in  a  two-stage,  falling  film,  steam-heated,  air- 
swept  evaporator.  Variations  in  the  reactor  product  composi¬ 
tion  do  not  seem  to  affect  the  GN  recovery  operation  appreciably. 


15.  Drying  of  water-wet  GN  did  present  a  problem.  It  was  concluded 
that  indirectly  heated,  rotor-type  dryers  (e.g.,  Strong-Scott 
and  Littleford)  are  not  satisfactory  for  drying  GN.  Tills  meth¬ 
od  of  drying  results  In  the  formation  of  wet  paste,  and  conse¬ 
quently,  in  adhesion  of  dry  GN  to  the  dryer  internal  surfaces 
following  evaporation  of  the  water.  Limited  test  data  indicate 
that  a  direct  heated  (e.g.,  hot  air)  dryer  with  minimum  solids 
agitation  will  be  satisfactory.  Additional  testing  is  required. 


16.  One-liter  batch  reaction  experiments  were  valuable  in  determin¬ 
ing  reaction  kinetics,  catalyst  selection,  and  subsequent  de¬ 
velopment  of  the  proven  packed  bed  tubular  reactor  mathematical 
model.  Problems  encountered  in  the  pilot  plant  with  catalyst 
poisoning  showed  that  single  batch  reactions  with  fresh  catalyst 
were  not  totally  satisfactory  in  predicting  potential  problem 
areas.  Batch  reactor  experiments  should  continue  to  be  used  for 
scouting  purposes,  but  any  new  major  reactor  process  changes 
should  be  checked  out  prior  to  pilot  plant  operations  in  a  1- 
in. -diameter ,  down-flow  continuous  column.  The  use  of  such  a 
column  was  very  beneficial  in  resolving  problems  of  catalyst 
poisoning,  catalyst  attrition,  etc. 
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Sensitivity  test  data  show  that  the  AN/U  pilot  plant  process  for 
producing  guanidine  nitrate  is  inherently  safe  because  (a)  pro¬ 
cess  materials  are  relatively  insensitive  to  impact,  friction, 
ESD  and  thermal  stimuli,  (b)  no  material  in  the  pilot  plant  will 
transit  from  burning  to  detonation  and  hence,  the  system  is  not 
capable  of  acting  as  an  explosive  shock  donor  to  process  mater¬ 
ials;  and  (c)  equipment  showed  no  potential  explosive  hazards 
under  normal  operating  conditions.  A  computer  simulation  (800 
hr  of  operation)  of  a  logic  model  resulted  in  a  probability  of 
initiation  of  4.6  x  10“3  or  a  probability  of  no  initiation  of 
0.9953. 


Results  obtained  during  the  latter  phases  of  this  program,  following 
the  resolution  of  the  catalyst  poisoning  problem,  have  instilled  confidence 
in  the  future  of  the  U/AN  process  for  manufacturing  guanidine  n**-.ate.  An 
analysis  of  the  basic  process  -  considering  such  items  as  raw  material  sup¬ 
plies,  recycle  streams  and  by-product  formation  -  shows  that  this  process 
has  potential  economic  and  operating  advantages  over  the  British  Aqueous 
Fusion  (BAF)  process.  Demonstration  of  a  satisfactory  catalyst  mileage  (es¬ 
timated  300  lb  GN/lb  catalyst  from  an  economic  point  of  view)  is  anticipated. 
The  supply  of  production  quantities  of  a  satisfactory  catalyst  can  probably 
be  obtained.  The  potential  advantages  (facility  cost,  operating  costs, 
fewer  operations,  minimum  by-product  formation,  etc.)  of  this  process,  when 
compared  to  the  BAF  process,  justify  additional  work  for  the  immediate  future 
It  is  believed  that  a  decision  as  to  whether  or  not  to  consider  this  process 
for  a  first  generation,  state-side  production  facility  can  be  made  in  the 
third  quarter  of  1973.  It  is  recommended  that  the  following  program  be  im¬ 
plemented  : 

1.  Modify  the  GN  pilot  plant  at  Hercules/Kenvi 1  consistent  with 

past  operating  experience  and  experimental  data  generated  dur¬ 
ing  this  program.  Basically,  the  modifications  would  consist 
of  streamlining  process  flows,  unit  operations  and  Instrumenta¬ 
tion  to  minimize  process  stream  contamination,  minimize  process 
upsets  resulting  from  down-time  and  assure  improved  distribution 
of  feed  to  the  reactors. 


2.  Operate  the  modified  pilot  plant  to  produce  a  target  quantity 
of  40,000  lb  of  guanidine  nitrate  and  also  to  obtain  process 
variable  data  required  for  plant  design.  Commercial,  reagent 
grade  ammonium  nitrate  -  tree  of  all  additives  -  would  be  used 
in  conjunction  with  commercial  grade  Olin  urea.  The  nlant  would 
be  operated  with  recycle  and  continuously  under  a  pre-selected 
set  of  conditions  to  yield  a  design  production  rate  of  50  lb 
GN/hr,  low  amine  I  id  e  by-product  formation,  and  a  demon  si  rated 
catalyst  mileage  ol  200  lb  CN/lb  catalyst  (minimum).  Shipment 
of  the  dry  GN  would  be  under  the  direction  of  tlu  Fic.it  i tiny  Ar¬ 
senal  Project  Officer. 
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3. 


Conduct  an  economic  study  to  permit  a  logical  and  timely  deci¬ 
sion  between  the  BAF  and  AN/U  processes  as  an  intermediate  in 
the  manufacture  of  n.ttroguanidine  (NQ).  The  study  would  consist 
of  two  specific  tasks  as  follows: 


a.  Perform  an  economic  evaluation  of  alternative  pro¬ 
cesses  for  utilizing  off-gas  NH3  and  C02  in  the  U/ 
AN  process  for  GN  in  combination  with  various  raw 
material  choices.  A  decision  of  the  best  utiliza¬ 
tion  of  the  off-gas  would  be  based  on  economics  as 
well  as  by-product  disposition. 

b.  Determine  the  investment  and  operating  costs  for  a 
total  nitroguanidine  facility  utilizing  the  AN/U 
reaction  for  GN.  The  manufacturing  costs  would  be 
developed  in  the  same  format  as  reported  for  the 
BAF  process  to  NQ  in  the  PDCM  dated  February  11, 

1972  under  Corps  of  Engineers  Contract  DACA45-71- 
C-0121.  Investment  costs  for  the  total  AN/U-to- 
NQ  facility  would  be  developed  in  the  format  re¬ 
ported  for  the  BAF  process  in  the  P-15  estimate, 
dated  April  28,  1973  for  AMC  Project  57*2632  (COE 
Contract  DACA45-73-C-0015).  The  comparative  costs 
of  NQ  via  the  AN/U  and  BAF  routes  will  permit  a 
more  realistic  comparison  of  the  two  processes  than 
if  the  GN-only  battery  limits  costs  via  the  AN/U 
process  were  estimated  as  noted  in  the  original 
scope  of  work  of  this  contract  (Phase  IV).  The  ex¬ 
panded  cost  estimates  plus  off-gas  utilization  stud¬ 
ies  would  eliminate  the  need  for  the  original 
Phase  IV  scope  of  work. 


4.  Place  the  pilot  plant  in  a  standby  condition.  This  would  involve 
complete  cleaning  of  all  equipment  and  tagging  of  all  equipment 
with  respect  to  condition,  purchase  order  number,  and  vendor. 

5.  One  of  the  items  to  be  considered  for  .1  production  facility  is 
the  availability  of  production  supplies  of  an  adequate  catalyst. 
It  is  recommended  that  a  firm  commitment  be  made  regarding  the 
future  supply  of  Houdry  CP  532  macroporous  silica  heads  and  that 
studies  be  implemented  to  develop  a  catalyst  equal  to  or  better 
than  Houdry  Beads. 


III.  TECHNICAL  STATUS 
(As  of  February  4,  1973) 

During  the  course  of  this  development  program,  considerable  progress 
has  been  made  in  advancing  the  technology  of  manufacturing  guanidine  ni¬ 
trate  (GN)  by  the  catalyzed  reaction  of  ammonium  nitrate  (AN)  and  urea  (U) 
over  a  siliceous  catalyst.  Reactions  have  been  carried  out  in  both  labora¬ 
tory  batch  and  continuous-flow  packed  bed  tubular  reactors.  In  the  latter 
case,  reactors  with  diameters  of  1,  2,  and  4  inches  have  been  employed. 

The  fundamental  concept  for  producing  guan  dine  nitrate  from  AN  and  urea  is 
sound.  The  literature  regarding  this  process  has  been  surveyed,  and  the  re¬ 
sults  obtained  from  the  efforts  of  this  program  have  surpassed  previous  re¬ 
sults  in  terms  of  reactor  on-stream  time  (hours),  catalyst  displacements  (lb 
total  feed  per  lb  catalyst),  catalyst  products  ity  (lb  GN  produced  per  lb 
catalyst),  reactor  size  (4  inch  diameter  x  12  t),  operation  of  a  totally  in¬ 

tegrated  process  and  demonstration  of  production  plant  prototype  equipment. 
Utilization  of  a  single,  aqueous  crystallization  step  for  recovering  GN  from 
the  reactor  product  resulted  in  satisfactorily  pure  product.  Normal  varia¬ 
tions  In  reaction  melt  composition  do  not  appear  to  affect  the  GN  crystalli¬ 
zation-recovery  operation. 


Reaction  kinetic  data  generated  from  laboiac  ry  experiments  were  used 
to  develop  mathematical  models  and  computer  progiams  for  both  packed  bed 
tubular  and  cascaded  stirred  tank  reactors.  Outputs  from  the  programs  in¬ 
dicated  that  the  stirred  tank  reactor  concept  has  urea  conversion  and  yield 
advantages  over  tubular  reactors.  However,  the  packed  bed  tubular  rc-actor 
concept  was  selected  for  further  study  and  scale-up  on  the  basis  of  safety, 
operational  simplicity,  direct  scale-up  and  min'-mim  design  problems.  Ex¬ 
perimental  results  obtained  from  1-inch,  2-inch  and  4-inch  diameter  reactors 
confirmed  that  the  models  are  capable  of  predicting  reactor  performance  under 
a  variety  of  conditions.  Acceptable  yields,  conversions  and  GN  productivi¬ 
ties  have  been  demonstrated  on  a  pilot  plant  scaie. 

The  performances  of  many  catalysts  were  experimental  ly  measured  in  lab¬ 
oratory  batch  reactions.  Three  catalysts  were  selected  as  prime  candidates 
for  packed  bed  reactors  and  subsequently  charaetes namely,  alumina- 
containing  Mobil  Sorbeads  K,  Grace  grade  59  Silica  Cal,  and  Houdry  CP-532 
Macroporous  Silica  Beads.  As  of  this  time,  Houdry  Silica  Bead  catalyst  is 
an  excellent  choice  for  packed  bed  reactors  by  virtue  of  its  mechanical 
strength,  insensitiveness  to  low  moisture  levels  iv  t  tie  feed  melt,  and  a 
demonstrated  mileage  of  (>  5  gm  GN/gm  catalyst.  Grace  5  or  similar  material 
may  be  a  contender,  but  turther  work  by  the  supplier  is  required  to  produce 
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continuous  mode.  The  poison  (diammonium  phosphate)  was  identified  through 
selective  experimentation  and  directed  attention  to  the  use  of  complete 
additive-free  chemicals. 


Preliminary  cost  calculations  indicate  chat  the  U/AN  process  for  pro¬ 
ducing  guanidine  nitrate  is  lower  in  investment  and  operating  costs  than 
the  BAF  process.  In  principle,  the  U/AN  process  would  be  simpler  to  oper¬ 
ate.  To  place  both  processes  on  a  comparable  basis,  more  detailed  cost 
analyses  are  required  for  a  total  GN-to-NQ  facility  via  the  U/AN  approach. 
These  costs  could  then  be  compared  directly  with  BAF  process  costs  gener¬ 
ated  under  a  separate  contract.  Complementing  this  effort  would  be  a  de¬ 
tailed  cost  analysis  for  the  disposition  of  the  reactor  carbon  dioxide  and 
ammonia  off-gases. 


There  are  three  technical  areas  of  uncertainty  which  must  be  evaluated 
before  the  U/AN  process  can  be  considered  acceptable: 

(1)  The  stability  of  the  process  in  a  total  recycle  mode  of 
operation  must  be  determined.  It  must  be  established 
whether  the  recycle  liquor  (AN,  GN  and  urea)  stabilizes 
at  a  workable  composition  or  whether  impurities  accumu¬ 
late  to  affect  either  the  GN  crystallization  or  the  re¬ 
actor  behaviors. 

(2)  A  catalyst  life  reasonable  for  pilot  plant  operations 
must  be  demonstrated;  e,g.,  200  lb  GN/lb  catalyst.  If  a 
catalyst  mileage  of  this  magnitude  can  be  obtained,  then 
extrapolation  to  higher  values  should  be  reasonable. 

Future  modifications  to  the  process  should  yield  even 
better  mileage  values.  These  modifications  would  consist 
of  changes  in  process  operating  parameters,  interstage 
reactor  feeding  of  urea  and  improved  catalyst  properties. 

A  catalyst  mileage  of  about  300/1  is  desirable  on  the 
basis  of  preliminary  coat  analysis  and  practical  opera¬ 
tions  . 

(3)  The  steady-state  average  ammelide  production  rate  must 

he  determined.  It  is  assumed  that  the  effective  catalyst 
life  is  related  to  ammelide  production;  i.e.,  as  ammelide 
builds  up  in  the  reactor,  it  either  blocks  the  act've 
Sites,  causing  a  decrease  in  activity,  or  the  ammelide 
production  increases  in  quantity  and  presents  disposal 
problems.  There  are  some  indications  that  amielide  produc¬ 
tion  may  be  relattd  to  the  quantity  of  water  in  the  re¬ 
actor  feed.  The  control  of  ammelide  formation  is  important 
in  the  event  that  it  cannot  be  used  as  a  fertilizer  and 
must  be  stockpiled.  It  has  been  reported  in  the  1  iterature  ( r>) 
that  ammelide  will  hydrolyze  to  Mi;  and  CO?  at  170°C. 
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The  U/AN  process  for  producing  guanidine  nitrate  is  at  a  crossroad 
with  respect  to  being  considered  for  production  plant  design.  There  is  a 
high  level  of  confidence  among  those  involved  in  this  program  that  the  re¬ 
maining  major  technical  problems  listed  above  can  be  resolved.  Consequently, 
HercuUs  Incorporated  has  submitted  a  follow-on  proposal  with  the  primary 
goals  of  (l)  modifying  the  pilot  plant,  consistent  with  post -operating  ex¬ 
perience,  to  yield  an  improved  operation;  (2)  operating  the  p^lot  plant  to 
demonstrate  a  catalyst  mileage  of  about  200  lb  GN/lb  catalyst  and  produce 
sufficient  product  for  conversion  to  NQ  in  Cyanamid  of  Canada  production 
facilities;  (3)  preparing  a  semidetailed  cost  analysis  for  a  total  GN-to- 
NQ  facility,  including  the  optimum  method  for  utilizing  the  reactor  off¬ 
gases.  Negotiations  for  this  follow-on  program  are  in  process.  In  the  in¬ 
terest  of  time,  Hercules  Incorporated  has  proceeded  with  the  required  pilot 
plant  modifications  with  a  scheduled  start-up  in  May  1973. 
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IV.  INTRODUCTION 


A.  OBJECTIVES  AND  PROGRAM  DESCRIPTION 

In  response  to  Pieatinny  Arsenal  Solicitation  No.  DAAA21-70-Q-0211 , 
Hercules  Incorporated  proposed  to  undertake  a  process  engineering  design 
for  the  manufacture  of  guanidine  nitrate  (GN).  Hercules  Incorporated  was 
subsequently  awarded  a  23-month  contract  effective  Oct<  ber  1970.  The  prin¬ 
cipal  objective  of  the  proposed  program  was  to  achieve  a  safe,  reliable,  arid 
economical  route  to  GN  from  urea  (U)  and  ammonium  nitrate  (AN)  using  a 
catalyst  reactor  system.  The  approach  esc  1  was  based  on  the  Boatright - 
Mackay-Roberts  (BMR)  process  described  later  in  this  Introduction.  The 
contracted  program  consisted  of  four  phases  as  outlined  below: 


Phase  I.  Work  planned  for  this  phase  consisted  of  the  following: 

(1)  laboratory  batch  studies  of  the  U/AN/catalyst  reactor  system  to  pro¬ 
vide  basic  information  regarding  catalyst(s)  and  chemical  kinetics,  crys¬ 
tallization,  solids- liquid  separation  and  drying;  (2)  operate  a  2-inch- 
diameter  reactor  column  to  investigate  variables  such  as  top  and  bottom 
feed,  feed  rate,  temperature,  type  of  catalyst,  etc.;  (3)  develop  infor¬ 
mation  on  materials  of  construction;  (A)  determine  the  safety  >f  the  pro¬ 
posed  process  by  using  hazards  analysis  techniques  to  conduct  a  Fault-Tree 
analysis  which  assures  an  optimized  balance  between  loss  potential  and 
loss  probability;  (5)  investigate  a  study  cf  a  mathmatica1  model  involving 
the  reactor(s)  to  provide  the  basis  for  optimum  reactor  design;  and  (*'■) 
perform  preliminary  economic  studies  to  assess  the  economic  importance  of 
various  parameters  as  related  to  battery  limits. 


Phase  II.  This  phase  of  th  program  was  planned  to  culminate  in  a 
pilot  plant  design  basco  on  the  experimental  process  and  hazards  analysis 
findings  of  Phase  I.  The  effort  required  preparation  cf  a  flow  sheet 
complete  with  heat  and  material  balances,  preliminary  equipment,  layout, 
specification  of  equipment,  and  an  engineering  analysis  of  these  equipment 
items  from  a  hazards  analysis  standpoint. 

Phase  HI .  This  phase  of  the  program  was  to  consist  initially  of 
procuring  and.  installing  equipment,  specified  in  Phase  II,  in  a  building 
located  at  Hcrcti  !t:s  Incorporated,  Kenvil,  N.  J.  This  equipment  was  re¬ 
quired  to  lit  suitable  for  Class  7  explosives  operation  The  main  objec¬ 
tives  of  operating  the  pilot  plant  were  as  follows:  (1)  verify  the  re¬ 
sults  ot  the  bench-scale  studies;  (2)  investigate  the  effects  of  process 
upsets  on  safety,  yields,  product  quality,  etc.,;  (3)  generate  design  data 
for  production  plant  design;  and  (A)  produce  4 0,000  lb  ot  GN  suitable  for 
conversion  to  nit  roguanidine . 


rtstnwx  “Jrr*V*5M*irwm.trt.vjasien 


tcj,  i  ■  y mi . . 


Phase  IV.  ihis  phase  was  designed  to  comprise  a  full-scale  Process 
Design”  within  battery  limits,  of  the  urea /ammonium  nitrate /catalyst  sys¬ 
tem.  The  information  furnished  in  the  design  criteria  was  to  include 
economics,  hazards  analysis,  energy  and  material  How  sheets,  equipment 
requirements  with  preliminary  specifications.  The  information  was  to  be 
of  such  quality  that  it  could  be  used  by  an  architect-engineer  to  design 
a  commercial  size  operating  plant. 

Because  of  technical  problems  associated  primarily  with  catalyst 
poisoning  encountered  while  operating  the  pilot  plant,  only  two  of  the 
above  four-phases  in  this  program  have  been  completed.  However,  the 
catalyst  problem  has  been  resolved  in  an  extension  of  Phase  III,  and  the 
technology  developed  has  shovai  excellent  potential.  The  purpose  of  this 
report  is  to  provide  a  comprehensive  summary  of  the  program  to  date.  The 
results,  accomplishments,  problem  areas,  etc.  are  discussed  in  the  sec¬ 
tions  devoted  to  descriptions  of  Phases  I,  II,  III  ami  III  Extension. 

B.  1MF0ETANCE  OF  DEVELOPING  NEW  GUANIDINE  NITRATE  PROCESS 

Nitroguanidine  is  an  important  component  of  triple-base  cannon  pro¬ 
pellants.  It  ij  cool  burning  and  high  in  nitrogen.  These  properties  are 
of  particular  importance  since  they  lead  to  formulations  yielding  a  flash¬ 
iest.  exhaust.  Guanidine  nitrate,  the  intermediate  from  which  nitroguani¬ 
dine  is  manufactured,  is  converted  to  nitroguanidine  by  sulfuric  acid 
dehydration  or  "nitration"  of  GN,  a  process  that  is  very  well  understood 
Horn  an  engineering  standpoint. 

Presently,  all  mt-oguanidine  used  by  the  U.  S.  militaiy  is  manu¬ 
factured  in  Canada  by  the  Welland  process.  However,  the  technology  on 
which  this  process  is  based  has  been  surpassed  bv  several  new  processes. 
The  lack  of  a  domestic  source  for  nitroguanidine  has  neen  a  continuing 
concern  of  the  Army  Munitions  Command,  Because  of  this  concern,  construc¬ 
tion  plans  were  prepared  for  building  a  ac i  1  it y  at:  Pryor,  Oklahoma,  for 
production  of  guanidine  nitrate  based  on  a  modified  Welland  process; 
later,  these  plans  were  changed  and  it  was  proposed  to  build  the  facility 
at  the  Sunflower  Army  Ammunition  Plan*. . 

About  twenty  chemical  routes  exist  for  the  production  of  guanidine 
nitrate  but  most  of  these  are  quite  expensive  and  impractical  for  com¬ 
mercial  consideration  since  they  involve  uncommon  and  expensive  raw 
materials  and  require  technically  difficult  processing  conditions.  Four 
of.  the  possible*  routes ,  however,  have  shown  sufficient:  economic  promise 
either  to  have  been  studied  extensively  on  pilot  scale  or  to  have  neen 
coumerc lalisted .  A  summary  of  these  processes  is  given  in  Table  J. . 


The  We  1 II  Wend  process  is  currently  the  source  of  supply  to  United  Stater 
nitroguanidine .  The  British  Aqueous  Fusion  (BAF)  process,  which  is  a  more 
efficient  version  of  the  Welland  process,  is  currently  used  by  the  British 
to  produce  nit roguani dine .  Both  the  Waterbury  process  and  the  Roberts 
fusion  process  have  been  studied  extensively  in  pilot  plants,  but  the  i.eed 
for  and  the  feasibility  of  commercializing  them  have  not  materialized. 

It  can  be  seen  from  Table  1  that  all  four  processes  suffer  from  rather 
substantial  disadvantages  either  because  they  are  not  economical  or 
because  they  pose  technical  or  waste  disposal  problems.  For  these  rea¬ 
sons,  there  is  currently  great  interest  in  a  fifth  process,  which  is 
based  on  the  reaction  of  molten  urea  and  molten  ammonium  nitrate  on 
silica.  This  process  has  been  referred  to  as  the  BMR  (Boatright-MacKay- 
ROucI'Ijs^  nucess  . 


C.  BOATRIGHT-MACKAY- ROBE RTS  (BMR)  PROCESS 

1 .  Chemistry  of  BMR  Reaction 

Although  the  Boatright-MacKay-Roberts  process  had  not  been  stud¬ 
ied  at  the  pilot  plant  or  full-scale  plant  level,  laboratory  experiments 
had  shown  that  the  process  has  great  promise  in  economy,  safety,  technol¬ 
ogy  and  freedom  from  vaate  disposal  problems.  Historically,  the  BMR 
process  resulted  from  the  finding  of  Boatright  and  Mac  Kay  that  guanidine 
nitrate  (GN)  is  formed  by  passing  a  melt  of  urea  and  ammonium  nitrate  over 
silica  gel,  and  from  the  contribution  of  Roberts  who  showed  that  GN  can 
be  crystallized  directly  from  the  reaction  product . » 2 > 3) 

The  chemistry  of  guanidine  nitrate  production  from  urea  and  am¬ 
monium  nitrate  is  not  well  known.  Experiments  conducted  to  elucidate  the 
chemistry  have  shown  reactions  of  substituted  ureas,  othei  ammonium  salts, 
and  substituted  ammonium  salts  as  well  as  a  small  range  of  catalyst  types. 
These  experiments  as  well  as  other  known  routes  to  guanidine  nitrate 
suggest  the  following  reaction  sequence: 

0 

n  I  !  NH2 

NH2  ”  c  -  MH2  +  -  Si  -  OH  ^±-SiO-C  “  +  1I00  (1) 

I  i  "im 

(Enol  form)  (Silica  gel)  Adsorbed  species 


I  ,nh2 

-  SiO  -  +  nh4 

i  'nh 

0 

II 

h2o  +  nh2  -  c  -  nh2 
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Tht  first  step  shows  urea  in  the  enol  form.  If  a  slightly  acidic  oxide 
is  present,  coupling  of  the  urea  of  the  hydroxide  occurs  with  loss  of 
water.  The  second  step  is  reaction  of  the  O-substituted  uiva  with  am¬ 
monium  nitrate  to  form  guanidine  nitrate.  The  wat_r  formed  in  the  first 
reaction  will  immediately  hydrolyze  a  mole  cf  urea,  since  this  reaction 
(3)  is  just  the  reverse  of  the  urea  synthesis  reaction. 


The  0- substituted  urea  is  probably  the  adsorbed  species  when  the 
proper  catalyst  is  present.  This  mechanism  suggests  that  other  catalysts 
particularly  mildly  acidic  materials  from  the  middle  groups  of  the  period! 
table  of  the  elements,  may  be  effective  catalysts  for  this  class  of  re¬ 
actions.  Examples  of  such  catalysts  may  include  typical  acid-absorbent 
clays,  silica-alumina  cracking  catalyst,  oxide  gels  of  the  zirconium  or 
titanium  groups  and  perhaps  even  ciua- linked  polymers  which  include  avail 
able  pentaerythritol  groups.  Homogeneous  catalysts  may  also  be  found  in 
the  group  of  materials  related  to  silicon  tetraisopropoxide ,  since  this 
type  of  material  would  also  be  expected  to  form  the  desired  urea  substi¬ 
tution  product. 


2.  Description  of  BMR  Process 

The  BMR  process  consists  of  continuously  passing  an  equimolar 
mixture  of  urea  and  ammonium  nitrate  ovei  silica  gel,  adding  urea  to  the 
reactor  effluent  to  give  a  composition  close  to  the  binary  eutectic,  and 
separating  and  recrystallizing  GN  while  recycling  mother  liquors.  The 
GN  can  be  recovered  from  the  reactor  effluent  using  an  alternate  method 
of  recrystallizing  it  directly  from  water,  but  this  alternate  method  may 
sacrifice  some  economy. 


If  adequate  yields  can  be  obtained  from  the  BMR  process,  it  is 
quite  apparent  that  the  BMR  process  offers  distinct  advantages  over  the 
British  Aqueous  Fusion  process,  its  closest  competitor.  The  latter  pro¬ 
cess  uses  the  relatively  expensive  cyanamide  as  a  starting  material  which 
itself  requires  large  amounts  of  electrothermal  energy  for  synthesis. 
Further,  it  requires  large  amounts  of  process  water  for  product  recovery 
and  produces  large  amounts  of  impure  calcium  sulfate.  Conversely,  the 
BMR  process  requires  inexpensive  starting  materials,  does  net  require 
large  amounts  of  water,  and  has  virtually  no  disposal  problem  es  will  be 
el  i idated  in  a  later  section. 


A  schematic  of  the  BMR  process  is  shown  in  Figure  1.  Loss  of 
urea  is  minimized  by  using  an  excess  of  ammonium  nitrate  (AN).  An  equi¬ 
molar  mixture  of  moltan  AN  and  urea  is  formed  by  melting  these  materials 
and  mixing  with  returning  mother  liquor  from  a  crude  product  crystalliza¬ 
tion.  This  feed  is  preheated  and  introduced  to  a  group  of  packed  reac¬ 
tors  which  operate  in  parallel.  The  reactors  contain  13/30  mesh  silica 
gel  and  are  heated  to  abo"t  190°C.  The  reactor  effluent  contains  gaseous 
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Figure  1.  Urea-Ammonium  Nitrate  (BMR)  Process  Diagram 
(As  originally  proposed.  See  Figure  1-A  for 
current  process  that  employs  aqueous  quench 
in  place  of  eutectic  e  rvsta  1  I  i  m  on  1 
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C02,  1^3 
(TO  RECOVERY) 


ammonium  carbamate  (decomposed  into  C02,  NH3  and  a  small  amount  of  N2), 
liquid  urea,  AN  and  GN  with  small  amounts  of  an  insoluble  by-product. 

The  ammonia  and  carbon  dioxide  are  reconverted  to  urea  or  made  into  am¬ 
monium  nitrate.  The  liquid  reaction  product  is  mixed  with  fresh  urea  to 
roughly  the  binary  eutectic  composition,  and  is  cooled  to  about  60°C.  At 
this  temperature,  guanidine  nitrate  crystallizes  from  the  melt  and  may  be 
separated  by  filtration  or  centrifugation.  The  mother  liquor  is  returned 
to  feed  and  GN  is  purified  by  recrystailization  from  water  and  dried  as 
product . 


3.  Advantages  of  BMR  Process 

From  a  cursory  inspection,  it  is  evident  that  the  economics  of 
this  process  are  competitive  and  favorable  when  compared  to  other  pro¬ 
cesses  described  in  Table  1.  Its  advantages  are  based  on  use  of  a  single 
reaction  step  and  standard  purification  techniques  and  low  costs  of  urea 
and  ammonium  nitrate. 


In  addition  to  the  technical  and  economic  advantages,  there  are 
substantial  incidental  process  advantages.  (1)  The  raw  materials  (urea 
and  ammonium  nitrate)  present  no  toxicity  hazard  to  plant  workers  and 
essentially  no  fire  or  explosion  hazard.  (2)  Although  some  of  the  pro¬ 
cess  mixtures  a  j  highly  energetic,  they  seem  to  be  insensitive  to  deto¬ 
nation  stimulus.  (3)  In  a  time  of  particular  awareness  of  the  effect 
of  chemical  processes  on  natural  environment,  it  is  of  interest  to 
note  that  the  BMR  process  in  principle  produces  no  disposal  streams  and 
therefore  creates  no  pollution  problem.  Based  on  the  daLa  available  from 
the  patents,  it  is  clear  that  the  off-gases  can  be  used  to  regenerate 
urea  or,  alternatively,  to  produce  AN  or  a  fertilizer  solution.  Similarly, 
the  recrystailization  liquor  can  be  evaporated  to  give  a  stream  of  pure 
water  and  process  feed  which  can  he  recycled  to  the  reactor.  Small  purge 
streams  art?  expected,  but  these  should  be  easily  combustible  in  a  com¬ 
mercial  facility. 


4 .  Cur re nt  Status  of  U/AN  Process 

it  should  be  noted  that  the  BMR  process  as  described  above  was 
modified  during  the  Phase  I  laboratory  study  to  eliminate  the  eutectic 
crystallization  and  to  add  an  aqueous  quench.  Tims,  the  molten  reactor 
product  is  now  added  directly  to  water,  the  solution  is  centrituged  to 
remove  water-insoluhles ,  and  the  aqueous  solution  is  evaporated  and 
crystallized.  (See  Figure  L-A.)  A  flow  sheet  for  gumidine  nitrate 
production,  using  the  aqueous  workup,  is  shown  as  Figure  1-B.  Material 
balarivo  for  a  specific  pi  eduction  case  (Case  100)  is  illustrated  in 
Figure  l»C.  A  photograph  of  the  tubular  reactors  employed  is  included 
as  Figure  1-D;  and  a  photograph  of  the  recovery  system,  including  the 
guanidine  nitrate  crystallizer  and  basket  cent  ri luge ,  is  given  as  Figure 
l-E. 
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Fieure  I-C.  Material  Balance  for  Case  100 


Figure  1-D  Guanidine  Nitrate  Catalytic  Tubular  Reacto 


itrate  Crystallizer  and  Basket  Centrifuge 


V.  DISCUSSION 


A.  PHASE  I  -  LABORATORY,  ENGINEERING,  ECONOMIC  AND  TECHNOLOGY  STUDY 
1 .  Summary 

a.  fart  1  -  Laboratory  Studies 

The  first  part  of  Phase  I  was  concerned  with  the  one-liter 
batch  reactor  runs  and  other  laboratory  and  analytical  work  conducted  at 
the  Hercules  Research  Center. 


Forty-one  batch  reactor  runs  were  conducted.  This  work  con¬ 
firmed  the  literature  concerning  the  AN/U/silica  gel  reaction,  provided 
kinetic  data  used  in  preparing  the  mathematical  models,  determined  the 
effect  of  various  process  conditions  on  yield  and  conversion,  and  helped 
establish  operating  conditions  for  the  bench  reactor  operated  at  Kenvil. 
Alternate  catalysts  were  also  screened  at  this  time. 


The  data  presented  in  the  literature  were  verified.  No  un¬ 
expected  departures  from  previous  work  were  found. 


The  laboratory  work  can  be  summarized  as  follows: 

(1)  Final  reaction  runs  using  commercial  feeds 
showed  that,  aside  from  requiring  filtration 
to  remove  anti-caking  additives,  these  mater¬ 
ials  perform  in  the  same  manner  as  analytical 
grade  feeds. 

(2)  Isolation  of  insolubles  in  the  reactor  pro¬ 
duct  showed  that  at  the  preferred  reaction 
conditions,  2-37.  ammelide  is  produced  based 
on  final  dry  GN  product. 

(3)  Uharp  buildup  of  biuret  followed  by  gradual 
decline  was  traced  by  analysis  in  several 
batch  runs;  this  improved  the  already  good 
analytical  closure.  Since  biuret  is  itself 
a  reactant,  its  presence  has  little  techni¬ 
cal  or  economic  effect  on  the  process. 

(A)  Use  of  biuret  and  ammelide  analyses  made 

possible  a  carbon  balance  which  showed  that 
only  3-47.  of  the  urea  reacted  is  not  accounted 
for.  Urea  accounted  for  on  a  carbon  basis 
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consisted  of  urea,  ammonium  carbamate  and 
guanidine  nitrate  (80-86  combined  wt .  %) ,  and 
ammelide  and  biuret  (9.5  -  16.6  combined  wt.  „ 

%) .  The  remaining  3-4%  results  from  losses, 
analytical  errors  and  possible  unknown  by¬ 
products  . 

(5)  Data  were  obtained  on  the  recover}'  of  guani¬ 
dine  nitrate  by  (a)  melt  crystallization 
followed  by  aqeous  recrystallization  vs 

(b)  aqueous  workup  and  crystallization. 

(6)  Drying  runs  demonstrated  that  the  material 
dries  easily. 

(7)  This  work  generally  upheld  the  objectives  that 
were  originally  foreseen  for  the  process  in 
the  areas  of  waste  disposal  and  pollution 
control . 


A  brief  corrosion  study  showed  that 
material  for  the  main  process  equipment  would  be 
confirming  the  findings  of  MacKay. 
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b .  Part  2  -  Mathematical  Modeling 

The  laboratory  data  obtained  in  Fart  1  were  used  to  build 
kinetic  expressions  which  were  incorporated  into  a  mathematical  model  ex¬ 
pressing  both  packed  bed  ar.d  stirred  reactors. 

It  has  been  demonstrated  that  the  models  have  full  predic¬ 
tive  capabilities  as  to  the  design  and  operating  parameters  on  reactor 
performance.  The  sizes  of  both  types  of  reactors  were;  calculated  for  a 
pilot  plant  to  produce  GN  at  50  lb  per  hr,  affording  a  brie!  preview  of 
the  Phase  II  design  work. 


c ,  Part  3  -  Bench-Scale  Reactor  Studies 

The  2- inch-diameter  packed  bed  reactor  was  operated  for  a 
total  of  21  runs.  Feasibility  of  the  continuous  packed  bed  reactor  was 
demonstrated  with  production  ol  GN  at  predicted  rates.  Reactor  effluents 
contained  as  much  as  55%  GN,  representing  a  high  urea  conversion.  Com¬ 
position  data  for  the  packed  bed  reactor  products  compare  favorably  with 
sample  data  from  the  packed  bed  mathematical  model.  This  good  agreement 
confirms  the  accuracy  of  the  model  which  was  based  on  laboratory  batch 
reactor  kinetic  lata.  The  parameters  investigated  in  the  bench-scale  unit 
~ere  temperature,  AN/li  ratio,  grades  of  reactants,  feed  rate,  bed  height, 
GN  in  feta,  reactor  materials  of  construction,  upi'low  and  downflow. 
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Measured  temperature  profiles  in  the  bench  reactor  compared 
qualitatively  with  those  predicted  by  the  mathematical  model.  The  ini¬ 
tial  A  t  was  slightly  larger  than  predicted.  The  gas-liquid  flow  pattern 
assumed  in  developing  the  model  was  confirmed  by  visual  observations  of 
the  glass  bench  reactor. 


Yields  and  conversion  data  for  the  bench  reactor  runs  were 
erratic  and  sometimes  inconsistent.  This  was  due  to  some  relatively  poor 
material  balances  as  a  result  of  (1)  short  operating  times  at  equilibrium, 
(2)  difficulties  in  measuring  total  feed  input,  (3)  system  holdup,  (4) 
losses  not  accounted  for  and  (5)  analytical  inaccuracies.  One  run  de¬ 
signed  for  a  material  balance  yielded  an  overall  weight  balance  of  95.1% 
(AN  -  99.7%,  U  •  91.9%)  with  yields  of  AN  -  99.3%,  U  «  85.2%  and  urea 
conversion  of  47.8%.  These  data  are  consistent  with  those  obtained  in 
the  batch  reactor  experiments. 


Continuous  bench  reactor  data  indicate  that  GN  production 
rate  is  dependent  on  catalyst  contact  time  and  is  nor  necessarily  a  func¬ 
tion  of  flow  rate  at  a  given  bed  height.  The  system  is  not  mass  transftr- 
1 ir  ited .  The  weight  per  cent  i  isolubles  in  the  product  is  a  direct  func¬ 
tion  of  reaction  temperature  and  urea  concentration  in  tne  ieed,  There 
was  no  evidence  of  formation  cf  gases  other  than  ammonium  carbamate. 


d.  Part  4  -  Economic  Evaluation 


The  economic  evaluation  disclosed  that  the  most  economical 
process  utilizes  stirred  tank  reactors  and  aqueous  workup.  This  process 
has  a  projected  mill  cost  of  9.3^/^  GN*  and  a  price  of  14.6^/lb  GN  for 
transfer  to  n."  f.roguanidine  conversion,  reflecting  a  realistic  burden. 

If  the  reactor  Ls  to  be  of  che  packed  tubular  type,  the  optimum  resi¬ 
dence  *:ime  is  two  hours,  which  gives  an  80%  urea  yield.  Similarly,  the 
optimum  AN/U  ratio  in  the  reactor  feed  is  very  nearly  I  for  both  types 
of  reactor.  Finally,  a  catalyst  life  as  short  as  two  months  will  not 
materially  affect  mill  cost. 


♦Industrial  accounting  system  (values  were  also  calculated  for  a  govern¬ 
ment  accounting  system). 


31 


2 ,  Part  1  -  Laboratory  Studies 

The  urea /ammonium  nitrate /si  lica  gel  reaction  was  studied  in  a 
one- lit  r  batch  reactor  at  the  Hercules  Research  Center.  The  primary 
objectives  of  these  studies  were  (1)  to  verify  the  urea-ammonium  ni¬ 
trate-silica  gel  reaction  results  found  in  the  literature,  (2)  to  inves¬ 
tigate  alternate  catalysts,  (?)  to  establish  reaction  rate  data  needed 
for  preparation  and  evaluation  of  a  mathematical  model,  and  (4)  to  define 
operating  conditions  for  the  Kenvil  bench  reactor. 


a .  Batch  Reactor  Equipment  and  Procedures 

The  labor at or v  studies  were  confined  to  a  nominal  1 -pound 
level.  A  oua- liter  glass  reaction  kettle  fitted  with  a  flanged  lid  con¬ 
taining  several  ground-glass  ports  was  used  ay  the  reactor.  The  reactor 
temperature  was  controlled  by  using  a  heated  silicone  oil  bath.  The  re¬ 
action  gases  generated  passed  through  a  series  of  three  dry  ice  traps. 


To  measure  gas  volumes,  noncondensable  gases  were  passed 
through  the  traps  and  collected  in  a  plastic  bag  over  water  (water  dis¬ 
placement  apparatus).  Samples  cf  the  reaction  mixture  were  taken  by 
"drawing”  seme  melt  into  a  glass  tube  fitted  with  a  fritted  glass  disc. 


Ir.  a  typical  experiment,  6-12  mesh  silica  gel  (W.  R.  Grace, 
grade  40)  was  dried  in  an  oven  ac  200°C  for  about  two  hours.  After  tare 
weights  had  been  obtained  on  the  reaction  equipment,  urea  and  ammonium 
nitrate  (AN)  wore  charged,  and  the  reactor  was  heated  to  5-10“C  above 
the  desired  leaotion  temperature.  The  hot,  dry  silica  gel  was  then 
addea,  and  the  system  was  sealed.  The  ensuing  endotherm  towered  the  re¬ 
actor  temperature  to  about  the  desired  temperature.  The  bath  was  then 
used  to  maintain  the  reactor  temperature  at  the  proper  level. 


It  was  found  that  mechanical  stirring  or  agitation  reduced 
the  particle  size  of  the  silica  gel.  Sir.oe  the  gases  evolved  during  the 
reaction  appeared  to  provide  sufficient  mixing  for  adequate  heat  transfer, 
the  reactor  was  usually  not  stirred.  In  this  way,  particle  size  was  not 
a  variable  during  a  particular  run. 


The  reaction  mixture  was  sampled  as  discussed  above.  Mater¬ 
ial  balances  and  gas  samples  were  weighed  at  the  end  of  a  run. 


A  crystalline  sample  of  the  mixture  was  dissolved  in  water 
and,  if  necessary,  filtered  to  remove  small  particles  of  silica  gel.  The 
solution  Was  analyzed  for  urea,  AN,  and  GN  using  the  following  methods: 


(1)  Urea  determined  volumetrically  by  the  urease  method. 

(2)  AN  determined  volumetrically  by  the  formal  titra¬ 
tion  (reaction  with  formaldehyde). 

(3)  Total  nitrate  determined  spectrophotometr.Lsa.lly 
by  measurement  at  320  run. 

(4)  GN  calculated  using  the  total  nitrate  value  by 
subtracting  the  AN  contribution  fvom  the  total 
nitrate  absorbance. 


b .  Reaction  Kinetics 

Fourteen  batch  reaction  experiments  were  made  in  this  se¬ 
ries-  The  effects  of  the  folloving  were  studied:  (1)  urea  (U)  !:o  am¬ 
monium  nitrate  (AN)  molar  ratio,  (2)  reaction  temperature,  (3)  silica 
gel  dosage,  (4)  silica  gel  particle  size,  and  (5)  mechanical  agitation. 


A  summary  of  the  results  of  these  verification  kinetics  runs 
(1  through  14)  is  presented  in  Table  2. 


Table  2  lists  the  results  for  five  isothermal  batch  experi¬ 
ments  (Runs  7,  8,  9,  11,  and  12)  conducted  with  temperatures  ranging  from 
170°C  to  210°C,  The  purpose  of  these  runs  was  to  provide  data  for  es¬ 
timating  the  reaction  orders  with  respect  to  urea  ana  ammonium  nitrate, 
the  appropriate  rate  constants,  and  the  temperature  of  the  various  race 
constants.  A  preliminary  investigation  of  the  data  indicated  that  an 
Arrherlu"  plot  of  the  rate  constants  is  linear  and  yields  an  activation 
energy  of  about  33,000  cal /grade.  These  experiments  vere  conducted  with¬ 
out  mechanical  agitation  since  agitation  caused  serious  particle  size 
reduction  and  particle  size  has  a  strong  effect  on  reaction  rate  of  this 
system.  The  magnitude  of  the  activation  energy  obtained  from  these  runs 
indicates  that  mass  transfer  from  the  melt  to  the  catalyst  is  not  a  Mmit- 
ing  factor  in  these  experiments  and  that  the  agitation  provided  by  the 
evolution  of  gases  was  sufficient.  The  refined  estimates  for  the  rate 
constants  through  least  squares  fitting  of  the  data  and  rate  expressions 
are  presented  in  a  subsequent  section. 


Runs  3  and  4  Ln  Table  2  illustrate  the  effect  of  particle 
size  reduction,  caused  by  agitation,  on  yields  and  conversion.  At  iden¬ 
tical  operating  conditions,  th  conversion  of  urea  was  increased  £  cm 
81.47.  in  Run  4  to  97.67.  in  Run  3  where  agitatio:  was  used.  Furthermore , 
in  Run  6  where  100/325  mesh  silica  gel  was  used  instead  of  the  6-12  mesh 
used  in  Run  4,  the  conversion  of  urea  was  increase  J  to  93.97.  (Run  6)  from 
1 1.471  (Run  4). 


13 


GUANIDINE  NITRATE  REACTION  STUDIES  -  INITIAL  KINETIC  STUDIES 


Notes  For  Tables  2,  3,  and  5: 

(1)  Run  number  and  the  nominal  ammonium  nitrate /urea/silica 
gel  ratio.  Where  appropriate,  a  description  of  the 
catalyst  is  also  included. 

(2)  Temperature  in  °C. 

(3)  Agitation  rate. 

(4) , (5), The  ammonium  nitrate,  urea,  and  silica  gel  used  in  the 

(6)  initial  charge  reported  in  grams  and  gram-moles. 

(7)  The  weight  in  grams  of  the  reactor  contents  at  the  end 

of  the  experiment. 

(8)  The  amount  of  ammonium  carbamate  recovered  in  all  of  the 
dry  ice  traps  at  the  end  of  an  experiment,  reported  in 
grams  and  gram-moles . 

(9)  The  sample  weight  in  grams  and  the  time  in  minutes  at 
which  the  samples  were  taken. 

(10) ,  The  ammonium  nitrate,  urea,  and  guanidine  nitrate  in 

(11) ,  the  samples  reported  as  weight  per  cent  and  mole  frac- 

(12)  tion. 

(13)  The  analytical  closure  or  the  weight  per  cent  in  he 
melt  given  in  columns  10,  11,  and  12. 

(14)  The  weight  loss  during  the  experiment  reported  in  total 
grams  and  per  cent  of  the  total  weight  of  starting 
material . 

(15)  Yield  (7„)  expressed  as  moles  of  guanidine  nitrate  per 
mole  of  urea  reacted.  This  number  incorporates  the 
ratio  of  stoichiometric  coefficients;  i.e.,  two  moles 
of  urea  yield  one  mole  of  guanidine  nitrate  in  order 
that  the  yields  may  be  compared  with  those  given  by 
Roberts  and  by  MacKay. 

(If)  Yield  (7.)  expressed  as  moles  of  ammonium  carbamate 
per  mole  of  urea  reacted. 

(17)  Conversion  of  urea  expressed  as  moles  of  urea  reacted 
per  mole  of  urea  fed  (7.). 

(18)  Conversion  of  ammonium  nitrate  expressed  ns  ammonium 
nitrate  reacted  per  mole  of  ammonium  nitrate  fed  (7). 


(19)  Yield2  expressed  as  moles  of  guanidine  nitrate  per  mole 
of  urea  fed.  Equal  to  the  product  of  the  figures  in 
columns  15  and  17. 

(20)  The  molar  ratio  of  ammonium  carbamate  to  guanidine  ni¬ 
trate  produced  in  the  experiment. 

(21)  The  final  product  check  in  percent.  To  conver  the 
weight  percent  reported  for  the  analytical  ana  ysis  of 
the  samples  into  useful  information,  the  weight  of  the 
reactor  contents  at  the  different  sampling  times  is 
required.  This  is  available  only  at  the  final  sampling 
time,  i.e.,  at  the  completion  cf  the  experiment.  The 
weight  of  the  reactor  contents  at  the  other  sampling 
times  (for  the  kinetic  experiments)  must  be  estimated. 
The  final  product  check  is  the  discrepancy  between  the 
estimated  weight  evaluated  at  the  final  reaction  time 
and  the  actual  weight  of  the  reactor  contents  measured 
at  that  time.  It  therefore  provides  a  check  on  the 
assumptions  used  in  estimating  the  reactor  weights. 


No  results  for  off  gas  analyses  are  reported  for  each 
run  in  Tables  2,  3,  and  5  since  all  of  the  NH3  and  CO2  were 
condensed  as  ammonium  carbamate  (AC)  in  a  series  of  dry  ice 
traps.  Although  a  positive  analysis  for  the  AC  condensed  in 
the  traps  was  difficult,  the  ultraviolet  spectrum  of  the  AC  in 
the  traps  was  identical  to  the  published  spectra  for  AC.  The 
amount  of  AC  formed  in  each  run  is  reported  as  the  ratio  of  the 
moles  of  AC  to  urea  reacted.  Deviations  from  the  theoretical 
ratio  of  0.5  cannot  be  explained  at  this  time.  Gas  samples  were 
taken  after  the  dry  ice  traps  in  runs  2,  3,  4,  and  5.  Mass 
spectroscopy  showed  that  all  of  the  samples  were  99  mole  °L  air. 
This  air  was  in  the  system  initially  or  entered  during  sampling. 
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Runs  4,  10,  and  13  Indicate  the  effect  of  catalyst  dosage  on 
yield  and  conversion.  For  the  same  ammonium  nitrate/urea  ratio,  the 
yield  of  guanidine  nitrate  with  respect  to  urea  reacted  increased  from 
63.3%  to  69.0%  to  75.4%  as  the  catalyst  charge  was  increased  (AN/U/SG) 
from  2/2/1. 0  to  2/2/1. 7  to  2/2/2. 5,  respectively.  The  conversion  of  urea 
also  increased  respectively  from  55.6%  to  81.4%  to  88.8%. 


Figures  2  and  3  are  plots  of  yield  and  conversion,  respec¬ 
tively,  vs  reaction  time  at  five  isothermal  temperature  conditions  (Runs 
7,  8,  9,  10,  and  12).  The  AN/U/catalyst  (Grace  40)  ratio  was  2/2/1. 7  for 
these  tests.  The  curves  obtained  were  smooth  and  consistent.  From  these 
plots  it  could  definitely  be  concluded  that  the  literature  claims  as  to 
the  reaction  step  of  the  BMR  process  w»;re  well  founded.  Although  the 
catalyst  mesh  size  and  charge  were  slightly  different  than  those  used  by 
Roberts  and  MacKay,  the  yields  and  rates  obtained  here  were  comparable 
for  batch  operations. 


Figure  4  is  also  a  plot  of  data  obtained  from  Runs  7,  8,  9, 
11,  and  12.  In  the  figure,  the  U/AN  ratio  in  the  product  at  various  times 
is  plotted  for  five  isothermal  temperature  conditions. 


The  total  weight  of  insolubles  produced  in  an  experimental 
run  was  generally  less  than  1%.  The  final  product  checks  listed  in 
Column  21  in  Table  2  were  good  and,  in  general,  less  than  4%  in  magni¬ 
tude.  Ths  percentage  was  both  positive  and  negative  when  the  discrepancy 
was  calculated  as  (actual  weight  -  estimated  weight)  actual  weight. 


c .  Alternate  Catalyst  Screening 

Because  of  the  decrepitating  characteristics  of  Grace  grade 
40  silica  gel  catalyst  and  the  requirement  for  an  alternate  catalyst,  a 
series  of  experimental  batch  runs  were  conducted  employing  ten  different 
commercially  available  catalysts.  Operational  and  analytical  procedures 
were  similar  to  those  employed  for  Runs  1  through  14,  and  equimolar  ratios 
of  urea  and  AN  were  used.  The  catalyst  dosages  were  comparable  to  those 
used  for  the  above  runs,  with  the  exception  of  Runs  27,  28,  and  29  when 
reduced  catalyst  levels  were  used  to  determine  if  lower  catalyst  levels 
would  provide  sufficiently  high  yields  and  conversions.  No  such  advan¬ 
tage  was  found.  The  kinetic  data  from  all  these  test  runs  (Runs  15  through 
29)  are  presented  in  Table  3. 


Of  the  alternate  catalysts  investigated,  only  three  types 
were  equivalent  to  and/or  better  than  Grace  Grade  40  silica  gel.  These 
were ; 


37 


Reaction  Time  ( hr ) 

Figure  2.  Yield  vs.  Reaction  Time  2/2/ 1.7  (AN/U/SG) 


Fraction  Time  (hr) 

Figure  3.  Conversion  vs  Reaction  Time  2/2/1. 7  (AN/l’-'S  G) 


Reaction  Product  Urea /Ammonium  Nitrate  (moles /moles ) 


1.0 
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(1)  Grace  grade  59  Silica  Gel  -  Davison  Chemicals 
Division  of  W.  R.  Grace,  Inc. 

(2)  Mobil  Sorbeads  R  -  Mobil  Oil  Corp. 

(3)  Houdry  Macroporous  Silica  Beads  CP- 532  -  Houdry 
Division  of  Air  Products  Co. 


Conversion  and  yield  data  for  the  above  three  catalysts  are 
summarized  in  Table  4  for  comparison  with  Grace  grade  40  silica  gel  data, 


Both  Grace  59  SG  and  Houdry  CP-532  silica  beads  produced  higher  GN  yields 
(based  on  urea  reacted)  than  Grace  40  SG.  The  conversion  with  Houdry  was 
comparable  to  that  with  Grace  40  while  the  conversion  from  the  Grace  59 
silica  gel  was  somewhat  less  than  that  from  Grace  40. 

Because  of  its  physical  strength  and  improved  performance, 
the  Houdry  bead  catalyst  was  Investigated  further  (see  next  section). 

TABLE  4 

COMPARISON 

OF  CANDIDATE 

CATALYSTS 

Run  No. 

Type  Catalyst 

Reaction 

Time 

(min.) 

1  Yield 
(mole  GN/ 
mole  urea 
reacted) 

7.  Conversion 
(mole  urea 
reacted/ 
mole  urea  fed) 

9* 

Grace  40  SG 

60 

68 

74 

15 

• 

Mobi?  Sorbeads 

62 

67 

59 

18 

Grace  59  So 

65 

93 

61 

20 

Houdry  CP-532  Beads  64 

88 

71 

*No  agitation;  other  experiments  employed  60-100  rpm  agitation. 
Note:  The  following  conditions  were  held  constant: 

1.  Reaction  Temperature  ■>  190°C 

2.  Molar  ratio  AN/U/SG  -  2/2/1. 7 
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Houdry  Macroporous  Silica  Bead  Experiments 


A  series  of  kinetic  runs  using  Houdry  beads  (CP-532)  was  made 
in  the  laboratory  batch  reactor.  The  data  are  presented  in  Table  5. 
Typical  specif ications  for  Houdry  beads  are  presented  in  Table  6  .  The 
method  of  operation  and  definition  of  column  headings  are  the  same  as 
described  previously. 


Four  isothermal  b^tch  experiments  were  conducted  at  170°C, 
180°C,  190°C,  and  200®C  with  the  AN/U/silica  gel  (Houdry  Beads)  ratio 
maintained  constant  at  2/2/1. 7.  In  addition,  two  runs  were  made  at  dif¬ 
ferent  AN/U  ratios  (Run  33,  1.4/2. 8/1. 7;  Run  36,  2. 8/1. 4/1. 7)  and  one 
run  at  one-half  the  catalyst  charge  (Run  35,2/2/0.85).  The  temperature 
selected  for  these  experiments  was  190® C. 


Figures  5  and  6  are  plots  of  the  yield  as  a  function  of  re¬ 
action  time  for  these  experiments.  Yield  is  again  defined  as  moles  of 
guanidine  nitrate/2  moles  of  urta  reacted.  Diagrams  of  conversion  (moles 
of  urea  reacted/mole  of  urea  fe !)  as  a  function  of  reaction  time  are  in¬ 
cluded  in  Figures  7  and  8.  The  data  from  these  experiments  serve  as  the 
basis  for  the  mathematical  model  of  the  reaction  kinetics  which  will  be 
discussed  later.  Although  che  e  curves  do  not  show  maximum  values,  the 
reaction  times  are  consi.de  ed  adequate  for  scale-up  purposes  and  eco¬ 
nomical  operations. 


The  yields  and  conversions  at  one-hour  reaction  time  for 
the  isothermal  experiments  are  replotted  in  Figure  9  as  functions  of 
temperature.  The  one-hour  yields  increase  from  about  587.  at  170°C  to 
about  857.  at  200°C,  and  the  conversions  also  increase  from  247.  to  807. 
over  this  same  temperature  range.  Except  for  the  data  from  Rune  20  and 
30,  the  yield  and  conversion  appear  to  vary  uniformly  with  Increasing 
temperature  between  170°C  and  200°C.  Run  20  is  taken  from  the  catalyst 
survey  presented  ir  Table  3.  In  conducting  the  Houdry  bead  experi¬ 
ments,  three  different  catalyst  batches  were  used.  The  catalyst  for  Runs 
20  and  30  was  takeft  from  the  same  batch,  and  the  catalyst  tor  all  other 
runs  was  taken  from  the  remaining  two  batches.  Differences  in  catalyst 
activity  between  batches  may  account  for  the  apparent  deviation  exhibited 
by  Runs  20  and  30  from  the  proposed  straight  line  relationship.  Data  from 
Runs  20  and  30  were  not  considered  in  drawing  the  correlation  line  be¬ 
cause  their  omission  resulted  in  a  more  conservative  interpretation  of  the 
catalyst  performance. 


The  relationship  between  yield  and  the  AN/U  feed  ratio  is 
summarized  in  Figure  10.  The  yield  increased  from  587.  to  987.  as  the  AN/U 
ratio  was  increased  from  0.5  to  2,  All  runs  were  conducted  at  190®C  with 
the  same  amount  of  catalyst,  and  the  yields  plotted  are  at  oar-hour  re¬ 
action  time. 


explanatory  notes,  see  pages  35  and  36 


TABLE  6 


CHARACTERIZATION  of  houdry  macroporous  silica  beads 


Page  20 


MACROPOROUS  SILICA  BEADS  (Experimental) 

(Catalyst  support  No.  532  CP) 

DESCRIPTION 

These  heads  are  characterised  by  good  physical  strength,  high  purity,  high  absorptivity 
and  surface  area.  The  heads  will  not  shatter  when  immersed  in  water  and  therefore  can  be  easily 
impregnated  with  rnetal  salts.  Typical  properties  are  tabulated  below: 


TYPICAL  PROPERTIES 


Chemical  Analysis 

5i02 

>99 

Weight  percent  (iqnited  basis) 

Ai2°3 

<  n  i 

Weight  percent  (ignited  basis) 

-e203 

<0.1 

Weight  percent  (ignited  basis) 

NanO 

<oi 

Weight  percent  (ignited  basis) 

\o3 

<0.01 

Weight  percent  (ignited  basis) 

Ci 

<01 

Weight  percent  (ignited  basis) 

Physic  )l  Properties 
j'jitjce  Area 

°.n  k  >‘d  rfptk  Density 


350  m?.g  (Typical  value  -  areas  in  excess  of 
700  m?  i)  available  by  special  processing.) 

0 A  to  0  5  kg  i  (Typical  range  after  an  air  cal¬ 
cination  at  1050UF.  Values  of  0  35  to  0.75  kg/I 
under  same  calcin  ition  conditions  available  by 
spiTtal  processing.) 


» ■  . ■  r i i  it-  !  ./•  3  0  mm  .ivg  diameter  tpurticles  as  small  as  1  mm 

jv.nl.ible  by  special  processing.) 

.  ,f*.  <-  .-  ( )1  >late  Spheroids 

roes:  .Vi  8  IPs  (Smgie  patt'de  plate  to  plate  crushing 

streiigtti  Value  depends  on  both  particle  diameter 
arm  processing  prot  edures.i 

P  . .  ho  to  75  vol  depends  on  processing  pro 

e,  t»oto  125  wt  depends  on  processing  procedure 

,  ()  (>;■>  to  0  yp  ,,  a.  depends  on  processing  pro 

(  adore 

'  M  io  75  g  . l  depenris  on  processing  pro 
,  i-dure. 


A  V’-i  .  A  £tli.  i  / 


f*  ,•  , i  el  " ; n -p. ,i ,  u  .  nil  ...  ‘uMifs  .if  .nMil.it)!','  for  development  work 
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Figure  5.  ON  Yield  vs ,  Reaction  Time 
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Figure  9.  GN  Yield  and  Urea  Conversion  vs  Temperature 
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Houdry  Beads  at  190°C 
and  1  Hour  Reaction  Time 
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Figure  10.  GN  Yield  vs  Ammonium  Nitrat<  /Urea  Ratio 


The  conversions  for  the  same  experiments  are  plotted  as  a 
function  of  the  AN /U  ratio  in  Figure  11.  The  conversion  of  urea  is  not 
as  strong  a  function  of  the  AN/U  ratio  as  is  the  yield  over  this  range. 


c 


e .  Supplementary  Studies 

1  Noncondensable  Produc t s 


To  identify  more  precisely  the  noncondensable  products  of 
a  typical  reaction,  an  experiment  was  conducted  in  which  air  was  ex¬ 
cluded  from  the  apparatus.  In  this  experiment,  the  apparatus  consisted  of 
a  one-licer  (working  volume),  stirred  glass  reactor  equipped  with  a  thermo¬ 
couple  and  a  manometer.  The  off-gases  passed  from  the  reactor  through 
two  dry  ice  traps  in  series  and  then  to  a  large  empty  plastic  bag  where 
noncondensables  were  collected.  The  plastic  bag  was  contained  in  a  22- 
liter  vessel  filled  with  water;  and  as  gas  entered,  the  water  was  dis¬ 
placed.  Samples  of  the  noncondenaable  gases  were  taken  with  evacuated 
gas  bulbs  just  after  the  second  trap.  It  was  expected  that  gases  coming 
from  the  second  trap  would  contain  little  NH3  and  CO2 ,  since  past  ex¬ 
perience  had  shown  that  the  dry  ice  traps  collected  these  gases  quanti¬ 
tatively  as  solid  ammonium  carbamate. 


Air  was  excluded  from  the  system  by  displacing  it  with 
argon  after  charging  the  urea  and  AN,  When  the  operating  temperature 
was  reached,  the  catalyst  was  charged  through  an  air  lock  device.  Since 
no  samples  were  taken  during  the  run,  and  the  system  remained  closed,  any 
air  in  the  system  was  limited  to  that  which  could  leak  through  the  agi¬ 
tator  seal,  the  catalyst  air  lock  device,  and  the  various  tubing  connec¬ 
tions  . 


For  1  he  first  1  ’>  minutes  after  the  beads  had  been  charged 
tc  the  190°C  reactants,  about  810  ml  of  gas  entered  the  collector.  This 
was  argon  being  displaced  from  the  reactor  and  the  first  trap.  Non¬ 
condensable  gases  then  ceased  to  flow  into  the  collector  for  the  remainder 
of  the  one-hour  experiment.  In  fact,  the  pressure  in  the  reactor  was  be¬ 
low  atmospheric  (2  to  h  inches  of  water)  much  of  the  time.  The  partial 
vacuums  apparently  resulted  from  the  condensation  01  most  of  the  off-gas 
as  solid  carbamate.  To  increase  the  system  pressure  above  atmospheric 
for  purposes  of  taking  a  sample  without  drawing  gas  from  the  traps  and 
reactor,  the  line  from  the  second  trap  to  the  gas  collector  was  closed 
for  the  last  17  minutes  of  the  run.  It  was  never  possible  to  obtain  pres¬ 
sures  of  more  than  an  inch  or  two  of  water  in  the  reactor.  These  pres¬ 
sures  were  quickly  reduced  to  partial  vacuums  after  sampling.  Before  the 
run,  the  system  had  been  pressure  tested  at  10  inches  of  water. 


7.  Conversion  (moles  urea  reactedAaole  urea  fed) 
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Ammonium  Nit  rate /Urea 


Figure  11.  Urea  Co. version  vs  Ammonium  Nitrate/Urea  Rati< 


The  fact  that  a  c losed  system  was  operated  without  build¬ 
up  in  pressure  was  conclusive  evidence  that  negligible  amounts  of  non¬ 
condensable  gases  were  generated.  This  conclusion  is  supported  by  the 
analyses  of  the  four  gas  samples  which  are  presented  in  Table  7. 


2  Commercial  Ammonium  Nitrate  and  Urea  vs  Reagent  Grades 

The  objective  of  these  experiments  was  to  determine  wheth¬ 
er  commercial  grades  of  urea  and  AN  would  yield  satisfactory  results 
(similar  to  those  from  runs  using  reagent-grade  U  and  AN).  Four  complete 
runs  were  made,  Including  aqueous  workup  of  the  reaction  product.  The 
results  are  given  in  Table  8. 


The  experimental  procedures  were  c.  combination  of  those 
used  previously.  Crystalline  urea  and  AN  were  first  mixed  and  then 
melted.  The  melt  was  vacuum  filtered  using  a.  medium  glass  frit  (10  |A  m) 
filter  to  remove  insolubles*  from  the  melted  AN  prills.  It  was  thought 
chat  these  insolubles  might  otherwise  collect  In  the  catalyst  bed.  The 
filtered  melt  was  charged  to  a  preheated  reactor,  and  a  one-hour  run  was 
made  at  190°C.  At  the  end  of  the  run,  the  product  melt  was  decanted, 
sampled  and  poured  into  cold  water.  The  final  temperature  of  the  quench 
solution  was  usually  70-90°C.  This  solution  was  heated  for  about  10 
minutes  to  dissolve  any  CN  that  might  have  precipitated  during  the  water 
quench.  The  hot  solution  contained  very  fine  white  particles  which  gave 
the  solution  the  appearance  of  thin  skim  milk.  These  water  insolubles 
were  removed  by  vacuum  filtration  from  the  hot:  solution  using  a  medium 
frit  filter.  The  cle;r  filtered  solution  was  then  put  in  the  controlled 
temperature  bath  and  cooled  at  ca.  l°C/min.  In  Runs  38  and  39,  the  GN 
slurry  was  cooled  to  20°C .  In  Runs  40  and  41,  it  was  cooled  to  11°C  and 
16°C,  respectively,  in  an  attempt  to  improve  thi  yield  and  to  determine 
that  temperature  at  which  significant  amounts  of  urea  and  AN  first  pre¬ 
cipitated.  The  (IN  crystals  were  then  vacuum  filtered  and  washed  with 
fresh  water  (the  water  weight  usually  equal  to  the  weight  of  cake).  This 
amount  of  wash  covered  the  cake.  The  cake  and  wash  were  stirred  slightly 
to  remove  the  holes  in  the  cake  formed  when  the  wash  was  added.  The 
washed  GN  was  then  dried  in  an  oven  at  110QCto  a  constant  weight.  Puri¬ 
fication  is  discussed  in  greater  detail  in  a  subsequent,  section  of  this 
report . 


Several  ;,»aUes  of  urea  and  AN  were  available  commer¬ 
cially.  These  material;!  a  re  summarized  in  Tabic  9  and  Table  10.  Since  the 
Industrial  feud  and  agricultural  grades  of  urea  were  all  about,  the  same 


*C.lav,  talc,  Potro  Ag  .  , 


-■  t  c  . 


TABLE  7 


ANALYSES  OF  MASS  SFECTRA  OF  OFF-GASES 
FROM  BATCH  REALTOR  RUN  37 


Sample  Number 

1 

2 

3 

4 

Sample  Time,  Min. 

19 

34 

52 

59 

Gas  Analysis  (Mole  %) 

Argon 

98 . 12*1 .0 

98.2*1.0 

96  .7*1.0 

96.6*1.0 

C02 

- 

- 

- 

0.05 

07 

0. 10*0.05 

0.18*0.05 

0.50*0.05 

0.52*0.05 

r.2  +  CO 

1. 3*0.1 

1. 4*0.1 

2. 5*0.1 

2.6*0. 1 

H20 

0.1 

0.1 

0.1 

0.1 

H2 

0.27*0.05 

0. 22*0.05 

0.20*0.05 

0.22*0.05 

NOTE:  Reaction  flask  and 

traps  purged 

initially  with 

ar^m. 

TABLE  8 


RESULTS  OF  REACTION  RUNS  MADE  WITH  COMMERCIAL  GRADES 
OF  UREA  AND  AMMONIUM  NITRATE  AT  190° C 


Run  Number 
Ur ee  Charged 

AN  Charged 

Reaction  Time  (min.) 

Urea  Conversion  (%) 

GN  Yield  based  on  Urea 
Reacted  (mole  7.) 

Wt .  %  Insolubles  in  Product 


37 

38 

Reagent 

grade 

Grace 

prills 

Reagent 

grade 

Hercules 
LD  prills 

71 

65 

58.4 

56.0 

76.7 

87.5 

2.9 

1.4 

39 

40 

41 

Kaiser 

flake 

Grace 

prills 

Kaiser 

flake 

Hercules 
LD  prills 

duPont 

prills 

duPont 

prills 

66 

66 

66 

55.3 

54.3 

56 .3 

84.3 

79.1 

78.6 

1.5 

1.1 

1.3 

NOTE:  Al  runs  were  prepared  in  a  glass  batch  reactor  at  190°C  and  using  a 
2/2/1. 7,  AN/U/Catalyst  ratio.  The  catalyst  was  Houdvy  Macroporous 


si lica  beads . 


TABLE  9 


price,  viz,,  $65/ton,  there  would  he  no  significant  cost  incentive  in  us¬ 
ing  an  agricultural  grade.  Two  kinds  of  industrial  grade  urea  were  used: 
prills  made  by  W.  R.  Grace  and  flake  made  by  Kaiser.  The  principal  com¬ 
mercial  form  of  AN  is  prills.  Low-density  AN  prills  from  the  Hercules' 
Donora  plant  and  duPont's  Seneca  plant  were  tested.  Typical  detailed 
specifications  for  the  urea  and  AN  used  i.  ae  reaction  runs  are  given 
in  Table  10.  The  Kaiser  urea  contained  the  standard  467o  nitrogen  and  the 
duPont  AN  prills  are  >  97%  AN. 


Table  8  shows  the  results  for  the  four  commercial  runs 
in  comparison  with  Run  37.  In  general,  the  results  were  comparable  in 
every  way  to  those  of  runs  made  with  reagent  feed.  Nominal  water  contents 
of  ~  0.57c  (max.)  for  urea  and  ammonium  nitrate  did  not  appear  to  affect 
the  GN  reaction. 


The  problems  encountered  later  with  catalyst  poisoning  by 
the  additives  (phosphates)  in  prills  were  not  observed  in  these  laboratory 
experiments.  This  is  due  to  (a)  the  absence  of  the  habit  modifiers  in 
prills  at  that  time  and  (b)  the  inherent  low-exposure  (AN/catalyst  ratio) 
in  a  batcu  reaction.  It  would  take  many  recycle  passes  in  a  batch  reaction 
to  show  die  effect  of  cumulative  high  mileage  catalyst  fects.  See 
Section  II-D. 


3  Insolubles  in  Reaction  Product 


In  previous  work  on  the  RMR  process,  it  was  common  to 
report  insolubles  as  a  weight  per  cent  of  the  reaction  product.  It  was 
also  stated  that  the  insolubles  were  by-products,  either  ammelide  or 
ammeline.  The  Pittsburgh  Coke  study  isolated  water-insoluble  materials. 

In  Roberts'  work,  it  was  not:  clear  whether  he  was  reporting  melt  insi  lubles 
water  insolubles,  or  both.  It  should  be  emphasized  that  "insoluble'1  is  a 
relative  term.  For  example,  the  amount  of  watt  used  in  workup  will  affect 
the  traction  of  mso’  jl.lca  obtained.  Furthermore ,  in  the  BMR  process, 
.nsolubles  can  have  two  basic  constituents:  by-product  compounds  and 
catalyst  lines.  Previous  workers  on  the  RnK  process  implied  that  their 
insolubles  were  all  by-product  compounds. 


In  tin.'  work ,  material.;  insoluble  in  the  reaction  melt 
find  in  water  were  isolates.  To  obtain  information  on  melt  insolubles  , 
the  react  ion  me  1 1  was  f  i  1 1  erect .  It  was  1  nurd  that  the  melt  insolubles  ■  n 
two  runs  were  257  and  7  57  ash,  pres  amah l v  eutalvst  lines.  Melt  insolubles 
(267.  ash)  from  Run  33  were  analyzed  foi  elemental  «  artmn ,  hvdt  open ,  nitro¬ 
gen.  Oxygen  was  obtained  bv  dii  lereni  e  .  7‘*e  element  a  I  an.dys  i  s  result.-, 

on  an  ash-free  basis,  presented  in  Table  !'  ,  agree  v.vll  w*  •  n  these  tor 
anme  H  de  ,  These  results  are  i  ■ 1 1 » api  j  ..an  that  t  he  insolubles 

reaction  product  is,  m  !  c  t  ,  attune  1  i  d<  ,  contjiming  tbc  iinding:.  oi  Roberts. 


■a 


n'i 


ISU* 


TABLE  10 

ANALYSIS  OF  UREA  AND  AMMONIUM 
NITRATE  FOR  RUNS  1  THROUGH  27 


SUPPLIER:  Mallinckrodt  Chemical  Works 
GRADE:  Analytical  Reagent 


Urea 

Ammonium  Nitrate 

ChloriJe  (CC) 

0.0005% 

0.0005% 

Heavy  Metals  (as  Pb) 

0.001 

0.0005 

Insoluble  Matter 

0.010 

0.005 

Iron  (Fe) 

0.001 

0.0002 

Nitrite  (NO2) 

- 

ca.  0.0005 

Phosphate  (PO4) 

- 

0.0005 

Residue  after  ignition 

0.01 

0.01 

Su  1  fate  ( S0^t  ) 

0 . 00 1 

- 

■BiiWMiiMiTfnirTlffTr 1 


p-wan*.*.* 


TAE1£  ll 

ELEMENTAL  ANALYSES  OP  MELT  INSOLUBLES  FROM  RUN  33 


E lement 

Measured  Value 
(vt.  %) 

Theoretical  for  Ammelide 
(vt.  %) 

C 

25.80 

-  27.20 

28-1 

H 

3.23 

-  3.61 

3.1 

N 

43.65 

-  43.53 

43.7 

0 

27.32 

-  25.66 

25.0 

Data  on  the  amounts  of  water-insoluble  materials  were  obtained  for  most 
of  the  kinetic  runs  made  with  Houdry  silica  beads  and  for  all  four  of  the 
runs  made  with  commercial  feeds,  by  working  up  the  melt  in  water  and  then 
filtering. 


Table  12  summarizes  all  of  the  results  obtained  for  the 
insolubles  content  from  various  reaction  runs.  Values  for  the  percent 
melt  insolubles  were  based  on  the  combustible  portion  of  the  insolubles 
isolated  and  on  the  quantity  of  melt  filtered.  In  the  runs  where  melt 
insolubles  were  isolated  (Runs  33  to  37),  the  insoluble  fraction  was  very 
small  except  in  Rur  33  where  the  stoichiometric  amount  of  urea  was  used. 

In  all  of  the  other  runs  shown  in  Table  12  ,  the  react  ion  product  was 
worked  up  directly  in  water  so  that  the  percent  total  water  insolubles  were 
also  the  total  insoluble  fraction. 


Two  important  assumptions  were  made  in  reporting  'he  water 
insolubles.  First,  it  was  assumed  that  the  insoluble  content  of  reaction 
product  in  the  beads  was  the  same  as  that  d< canted  ot  t  and  worked  up  in 

water.  This  UHSmnpt ion  was  tested  in  Run  Id  where  the  pi  n  nil  total  in- 

solubles  oi  product  in  th  •  beads  was  j  .27;  compared,  with  4  in  the  de¬ 
canted  product.  Secondly ,  it  was  assumed  that  the  wat «  t  insolubles  con¬ 
tained  no  catalyst  tines.  In  Run  17,  f or  example,  the  water  insolubles 

were  3 .  c>  vt  .  ash.  But  h  of  the  a  •  sump*  i  ons  should  i  ause  t  ha  leported 
values  for  water  and  total  insolubles  ti  1m-  oi-  the  eonserv.it  t  ve  side. 
Experimental iv .  the  weight  s  t  the  insoluble  tia-  lions  wen  2  crams  or 
less  out  of  10(1  grams  or  mote.  Rased  on  the  teuits  t  t  om  Runs  !‘>  to  -.1, 
made  with  at  least  equimolar  urea  and  . IN  feeds  -it  id  T,  it  can  be  re¬ 
liably  concluded  that,  tin  insolubles  level  in  tie  i  .  a.  t  i  or,  pi  n  lie  t  at 
these  i  on  d  i  t  1  ons  will  be  ib  ni  t  L  -  2  w  t  . 


flAw  hafciMWQ.-.:..--'.-.  -■a-oc  a  m&ii,  - 


TABLE  12 


INSOLUBLES  CONTENT  OF  REACTION  PRODUCTS 
FROM  HOUDRY  SILICA  BEAD  RUNS 

Reaction  Wt .  7»  Wt .  7.  Wt.  7. 


Run 

No. 

Temperature 

°C 

Feed  Mole  Ratio 
AN/U/Roudiv  Beads 

Melt- 

Insolubles 

Water- 

Insolubles 

Total 

Insolubles 

20 

190 

2/2/1. 7 

- 

6.9 

6.9 

32 

200 

2/2/1. 7 

- 

2.2 

2.2 

33 

190 

1/2/1. 2 

1.4 

3.3 

4.6 

34 

170 

2/2/1. 7 

0>05 

nil 

0.05 

35 

190 

2/2/0.85 

0.03 

1.02 

1.1 

36 

190 

2/1/1.25 

0,20 

1.04 

1.2 

37 

190 

2/2/1. 7 

0.20 

2.17 

2.4 

38 

190 

2/2/1. 7 

- 

1.2 

1.2 

30 

15C 

2/2/1. 7 

- 

1 .4 

1.4 

40 

190 

2/2/1 .7 

- 

0.6 

0.6 

41 

190 

2/2/1. 7 

_ 

1.0 

1.0 

NOTE:  Reactions  performed  in  glass  batch  reactor. 
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4  Biuret  In  Reaction  Product 

Biuret  is  a  known  impurity  in  most  grades  of  urea,  and  it 
can  be  cormed  during  the  reaction  step.  In  the  runs  conducted,  the  re¬ 
action  product  was  routinely  analyzed  for  its  major  constituents,  urea,, 
ammonium  nitrate  and  guanidine  nitrate.  The  sum  of  the  three  major 
weight  fractions  was  generally  less  than  1.0.  it  was  believed  that  the 
primary  reason  for  a  closure  of  the  U,  AN,  and  GN  of  less  than  1.0  was 
that  biuret  was  present  in  the  product. 


To  determine  the  amounts  of  biuret  in  typical  reaction 
products,  they  were  analyzed  for  biuret  by  the  classical  method.  This 
method  involved  the  formation  of  a  six-menbered  ring  with  copper.  The 
resulting  complex  is  colored,  and  the  intensity  of  the  color  is  a  measure 
of  the  biuret  content.  It  was  found  that  AN  and  GN  i.«i.ei£«reu  with  the 
biuret  analysis,  but  that  this  interference  could  essentially  be  removed 
by  making  the  system  basic.  After  heating,  all  of  the  AN  was  removed  as 
NH3.  Tests  showed  that  the  GN  interference  no  longer  existed  after  being 
treated  as  described  above. 


Duplicate  biuret  analyses  for  nine  runs  are  presented  in 
Table  13  along  with  the  analytical  closures.  The  results  obtained  ap¬ 
peared  to  be  consistent.  In  some  cases,  the  sum  of  the  biuret  content 
and  the  closure  exceeded  1007,  {e.g.,Runs  30,  32,  and  36).  Since  the  U, 
AN,  and  GN  analyses  were  quite  re  Hade ,  this  suggested  that  the  biuret 
procedure  may  need  some  refinement. 

The  analyses  shown  did  show  some  expected  trends.  For 
example,  in  Run  33,  made  with  stoichiometric  feed  ratio,  the  biuret  level 
was  abnormally  high  -  especially  in  the  first  sample.  The  level  of  bin  • 
ret  in  the  third  sample  was  lower.  This  can  be  expected,  since  biuret 
has  been  shown  to  react  with  AN  over  Si02  catalysts  to  give  GN.  Kun  36 
also  demonstrated  the  consistency  of  the  data.  This  run  was  made  with 
2  moles  of  .AN  to  one  mole  >f  urea.  The  low  biuret  content,  expected  be¬ 
cause  of  excess  of  AN,  was  verified  by  the  analysis. 


S  Carbon  Balance 


Yields  of  GN  based  on  the  amount  d  urea  reacted  were 
usually  in  the  range  of  /()  to  807  for  the  Houd  r  y  hi  ad  experiment  tt .  This 
means  that  a  portion  of  the  urea  reacted  to  ’  >nn  other  species .  It  had 
been  assumed  that  the  urea  which  reacted  to  form  other  •  ...p.  units  could  be 
accounted  tor  in  terms  of  the  by-products  prodm  ed  pri.  »*.i  pa  ■  K  biuret,  and 
amme  1  i  de  .  To  verify  that  c.  1  '  .>{  the  vcvu  ted  m  «•  a  could  Ik  aci  Hinted  for, 
a  carbon  balance  was  made  on  Runs  31,  .i  t,  ami  1/ , 


TABLE  13 


BIURET  IN  THE  REACTION  PRODUCT  FROM 
SEVERAL  HOUDRY  SILICA  BEAD  RUNS 


AN,  U,  GN 


Run  No. 

Biuret  (WtT  1) 

Closure 
(Wt.  7n) 

30 

2.8,  1.5 

99.2 

31 

2.6,  1.7 

95.4 

32 

2.0,  2.0 

98.9 

33-1 

6.4,  6.8 

86.9 

33-3 

3.5,  4.2 

91.2 

35 

4.7,  4.9 

93 

36 

0.7,  0.9 

100.9 

37 

1.6,  1.8 

97.6 

AO 

3.1,  3.6 

95.9 

A  1 

2.7,  3.2 

95.5 

6  3 


The  amount  of  carbon  put  into  an  experiment  was  simply 
the  amount  of  carbon  in  the  charged  urea.  To  determine  the  amount  of 
carbon  in  the  product,  actual  weights  and  analyses  for  U,  GN,  biuret,  and 
insolubles  were  used.  Runs  31  and  33  were  chosen  for  evaluation  because 
analyses  of  the  reaction  product  were  available  for  materials  both  inside 
and  outside  of  the  catalyst  beads.  Since  it  had  been  shown  that  the  in¬ 
solubles  have  a  carbon  content  equal  to  that  of  ammelide,  the  insolubles 
on  an  ash-free  basis  were  assumed  to  be  ammelide.  In  all  three  of  the 
runs,  the  biuret  content  of  product  inside  the  beads  was  assumed  to  be 
the  same  as  that  in  the  bulk.  Run  37  was  included,  since  no  samples  were 
taken  during  the  run,  which  meant  fewer  contributions  to  the  total  car¬ 
bon  output,  a  factor  which  should  help  reduce  the  error  in  the  balance. 
However,  in  Run  37,  an  analysis  of  the  product  in  the  beads  was  not  avail¬ 
able;  thus  it  was  assumed  to  be  the  same  as  that  in  the  bulk. 


The  carbon  balance  results  are  presented  in  Table  14. 
This  table  contains,  in  addition  to  the  balance  calculated  as  discussed, 
a  carbon  balance  based  solely  on  GN  yield  and  on  the  percent  urea  re¬ 
acted. 


6  Guanidine  Nitrate  -  Analytical  Determination 

Work  was  done  to  improve  and  evaluate  the  proposed  ther¬ 
mal  assay  method  for  purified  guanidine  nitrate.  The  method  was  based 
on  the  calculation  of  mole  percent  purity  from  melting  point  curves  ob¬ 
tained  by  use  of  a  differential  scanning  calorimeter  (DSC).  The  calcu¬ 
lations  were  based  on  the  Van't  Hoff  equation,  and  a  computer  program  was 
written  to  process  the  melting  point  curve  data. 


A  laboratory  sample  of  guanidine  nitrate  was  analyzed  by 
the  DSC  inethod,  and  assay  values  of  98.30  and  98.59  mole  7.  were  obtained. 
Recrystallization  of  this  sample  irom  water  gave  two  traps  ot  crystals 
that  assayed  99.72  and  99.07  mole  °l,  respectively.  Differences  between 
the  melting  curves  of  these  two  samples  were  readily  apparent.  It  is 
estimated  that  a  difference  of  0.2-0. 3  mole  7.  can  be  visually  detected 
without  measurement  or  calculation.  One  experimental  difficulty  was  en- 
ountered.  Each  sample  must  be  premelted  two  or  three  times  before 
analysis  to  eliminate  a  small  endothermic  peak  that  occurs  at  the  be¬ 
ginning  of  the  GN  melting  endetherm.  The  source  of  this  interfering 
peak  is  unknown,  but  it  may  be  re-lated  to  a  crystal  phase  transition. 


* 


TABLE  14 


CARBON  BALANCE 


Run 

No. 

Carbon  Found^^ 
in  U,  AC, 
both  in  bulk  and 
beads  (Wt.  7.) 

Carbon  Found^^ 
in  Ammelide 
and  Biuret 
iwt.  %) 

Closure 
(A  &  B) 
(Wt.  X) 

Carbon 

Unaccounted  for 
(Wt.  7.) 

31 

86 

9.5 

95.5 

4.5 

33 

80 

16.6 

96.6 

3.4 

37 

86 

12.2 

98.2 

1.8 

(^Values  calculated  from  experimental  weights  and  analyses  for  batch  re¬ 
actions.  It  was  assumed,  based  on  previous  analyses,  that  all  of  the 
insolubles  were  ammelide.  Biuret  contents  were  by  actual  analysis. 


Ammelide  (6-amino-s-triazine-2,  4-diol)  is  an  insoluble  and  is  formed  by  the 
condensation  of  urea  as  follows: 


NH2  h2n  N 

/  \  /  * 

3  C  «  O  - *-  C  C  -  OH  4  2  NH3  +  »20 

\  ii  / 

NH2  N  *  N 

N  C 

oh 


Urea 


Ammelide 


•  Process  Studies 

i  GN  Recovery  (Two-Stage  Process) 

a  Recovery  of  GN  from  Reaction  Melt  by  Melt  Crystalliza- 


The  first-stage  of  a  two- stage  process  for  obtaining 
a  pure  dry  GN  is  to  crystalize  a  crude  GN  from  the  reaction  melt  diluted 
with  additional  urea.  For  this  work,  a  reaction  melt  with  additional 
urea  was  simulated  by  mixing  appropriate  proportions  o  reagent  grades 
of  urea,  AN,  and  GN. 


Melt  crystallizations  were  performed  in  stirred  150-ml 
beakers  placed  in  a  controlled  temj  erature  bath.  In  a  typical  experi¬ 
ment,  100  grams  of  crystalline  feed  of  the  desired  composition  was  added 
to  the  beaker  and  heated  on  a  hot  plate  for  melting.  The  beaker  of  melt 
was  then  transferred  to  a  controlled  temperature  bath  where  it  was  cooled 
at  a  controlled  rate.  The  temperature  at  which  crystals  first  appeared 
was  noted.  After  the  final  temperature  for  the  experiment  had  been 
leached,  the  slurry  from  the  beaker  was  filtered  in  a  heated  4-cm-dia- 
meter  coarse  frit  filtering  funnel  using  vacuum.  Filtration  rates  were 
measured.  The  weights  of  filter  cake  and  1  titrate  were  determined;  the 
cake  was  analyzed  for  GN,  U,  and  AN:  and  the  approximate  range  of  the 
crystal  particle  sizes  was  measured  using  a  75V  microscope  with  a  cali¬ 
brated  objective. 

The  procedures  for  recrystal  li/.ing  the  .  rude  ON  from 
water  sol  it.lons  were  the  same  as  giv  en  above  except  that  tin  size  of  the 
feet!  charge  was  20-  30  grams,  and  a  10 -ml  water  wash  of  the  pure  GN  cake 
was  used. 


The  eight  complete  melt  crystallization  made  arc 
summarized  in  Table  15. 


1(11  pi  A  II  Ua  I  f  Vdl  >  111  l  I  1  l  it  ,  .  L  >  1  ta 

ratio,  cooling  rate,  and  final  crystallizer  temperate 
showed  Lite  relative  importance  of  these  variables.  1 
with  U/AN  ratios  of  42/58 ,  three  runs  with  a  ratio  of 
with  a  ratio  of  52/58.  The  actual  noted  feed  compos i 
che  assumption  of  a  reaction  melt  composition  of  157: 
357.  GN  to  which  urea  must  be  added  to  obtain  the  dost 
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The  effect  of  the  three  primary  variables  will  be  dis¬ 
cussed  in  terms  of  resulting  GN  yield  and  crude  GN  purity.  Both  yield 
and  purity  affect  the  overall  efficiency  of  the  Roberts  workup  (i.e., 
melt  crystallization  followed  by  recrystallization  of  the  crude  GN).  The 
overall  yield  of  GN  for  the  Roberts  workup  is  the  product  of  the  GN  ine  It 
yield  and  the  GN  recrystallization  yield.  Crude  GN  purity  is  important, 
since  it  affe  ; ts  the  yield  of  the  recrystallization;  thus,  purity  should 
be  as  high  as  possible. 


( 1 )  Final  C  ystallizer  Temperature 

The  f'nal  crystallizer  temperature  variable  af¬ 
fects  yield,  purity,  and  filt  ation  rate.  As  this  temperature  decreased, 
so  did  the  filtration  rates  as  a  result  of  increased  viscosity.  In  addi¬ 
tion,  the  GN  yield  increased  and  the  purity  decreased.  The  results  of 
Runs  f  >- 1  and  MC-2  made  at  U/AN  ratios  of  42/58  and  the  same  cooling  rate 
but  at  7 2®C  and  80°C  final  temperatures  showed  the  trends  discussed.  The 
most  significant  difference  in  the  results  of  the  two  runs  was  that  the 
yield  for  the  lower  temperature  was  757-  compared  to  62?.  obtained  at  80°C. 
Runs  foC-5  and  MC-b  at  a  U/AN  ratio  of  47/57  and  the  same  low  cooling 
rate  should  have  also  showed  the  same  trends  but  they  did  not.  In  fact, 
the  reverse  of  the  expected  was  found  'or  purity  and  yield.  The  yield 
for  Run  MC-5  was  very  low  at  57?,.  The  validity  of  this  result  is  sus¬ 
pect,  since  the  material  balance  for  Run  MC-5  is  much  poorer  than  that 
for  Run  MC-6 . 


( 2 )  Cooling  Rate 


Crystal  size  and  GN  puritv  appeared  to  be  pre¬ 
dominantly  functions  of  the  cooling  rate.  A,-,  expected,  the  higher  rates 
result  in  smaller  crystals.  The  more  important  etfect,  however,  is  that 
; he  purity  of  the  crude  GN  decreases  significantly  w,th  increased  cooling 
rates,  Rm  ■»  MC-3  and  MC-7  were  made  with  the  same  U/AN  i.irios  and  he 
same  :  ina crystallizer  temperatures  hut  with  i'C/min.  and  5.5",  Vun. 
cool  ng  rates,  respectively.  The  purity  tor  t  he  lower  coo! im;  t  ate  was 
707,  compared  to  62?,  at  the  higher  rate.  Runs  MG-4  and  MO  5  showed  the 
same  dependence  or,  cooling  rate. 


(J)  U  r  e  a - t o - AN  Weight  R  j  t i » ■ 

The  inlluencc  oi  tins  pa:  mietei  u  vie  1  e  and  pur¬ 
ity  was  minimal  within  the  range  studied  Runs  K  -  !,  and  ■  we  i  nude 

at  U/AN  ratios  of  42/58,  47/5J,  and  52/48  at  good  condition  l or  culling 
rate  and  linal  temperature.  The  GN  yield  tor  all  ot  r;:<  m  am;,  was  es¬ 
sentially  75?..  The  purity  was  somewhat  lower  at  the  !  i  glu  urea  ratios, 
and  filtration  rates  were  definitely  higher  a»  tin  It  >  tie  -  urea  rot  ios  . 


(4)  Filtration  of  Crude  GN 


Filtration  was  not  emphasized  ii  this  study,  since 
the  separation  of  solids  from  mother  liquor  was  easy.  The  filter  cakes 
were  not  *ery  compressible, and  plugging  of  the  filter  medium  was  not 
observed.  All  of  the  separations  were  made  with  a  10  psi  pressure  drop. 

In  commercial  filters  or  centrifuges,  even  the  slowest  filtration  rates 
obtained  in  Runs  MC-1  to  MC-3  would  be  satisfactory.  The  rate  of  1.8 
ml/cm^/min.  corresponds  to  25  gal/ft.2/hr.  This  yields  80-100  lb  cake/ 
hr/ft2,  an  economical  range  for  commercial  operation. 


(5)  Preferred  Conditions  for  Melt  Crystallization 

Based  on  the  results  discussed  above,  the  lowest 
U/AN  ratio  (42/58)  should  be  used,  since  there  is  no  apparent  advantage  in 
going  to  a  higher  ratio.  Cooling  rates  of  1-2  °C/min.  with  a  final  crys¬ 
tallizer  temperature  of  65°C  appear  to  be  optimum  temperature  conditions. 
These  were  essentially  the  conditions  for  Run  MC-1.  The  expected  crude 
GN  yield  will  be  757.  with  a  crude  GN  purity  of  about  75%. 


It  is  interesting  to  note  that:  the  Roberts  patent 
example  (1JSP  3 ,043 ,878)  ( 3)  also  reported  a  75%  yield  but  a  927.  purity. 
Roberts'  feed  compositions  were  higher  in  GN  but  that  alone  does  not  ex¬ 
plain  the  large  difference  in  purity.  TH s  pu.ity  has  a  significant  ef¬ 
fect  on  the  yield  of  GN  from  the  recryjtslli cation  ctep. 


b  Recrysta 1 1 ization  of  Crude  GN 

Recrystal  1  izat  ion  of  the  cru^e  GN  obtained  fro.*:;  the 
melt  crystallization  is  the  second  step  of  the  Roberts  workup  scheme. 
The  objer'.ves  of  this  step  are  to  convert  the  crude  GN  to  '*  97’  GN  i:> 
high  yields,  using  a  minimum  amount  of  water. 


Experimental  procedures  for  these  crystallizations 
were  quite  similar  to  those  for  melt  crystallization.  The  feed  for  the 
experiments  was  the  crude  GN  produced  from  the  melt  crystallization. 
These  experiments  were  made  on  a  smaller  scale;  the  amount  of  cruue  GN 
available  from  each  crystallization  run  was  only  15  to  25  grams. 


In  a  typical  experiment,  crude  GN  and  the  desired  por¬ 
tion  of  water  was  charged  to  a  100  ml  beaker  which  was  heated  on  a  hot 
plate  to  dissolve  the  crude  Water  which  evaporated  during  dissolution 

was  added  back  before  th<  hot  beaker  of  aqueous  solution  was  placed  in  a 
controlled  temperature  bath.  After  the  crystallization  cycle  was  com¬ 
pleted,  the  beaker  of  GN  slurry  was  re  weighed  before  filtration  to  de¬ 
termine  the  amount  of  water  evaporated  during  crystallization  The  slurry 
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was  then  filtered,  and  the  wet  cake  was  washed'  with  an  equal  weight  of 
water.  The  washed  cake  was  dried,  and  the  percent  solids  were  deter¬ 
mined.  The  purity  of  the  dry  GN  was  analyzed  by  differential  scanning 
calorimetry  (DSC). 


The  results  of  four  recrystallization  experiments  are 
summarized  in  Table  16. 


( 1 )  Results  for  Recrystal liz at  ion  Experiments 

In  this  work,  an  attempt  was  made  to  obtain  a 
realistic  estimate  of  the  maximum  obtainable  GN  yield  fur  the  recryst&l- 
lization  step.  A  yield  of  >  907  was  needed  for  tie  Roberts  workup  scheme 
to  be  competitive  with  a  single  aqueous  crystal  !  i;:at  ion ,  which  has  demon¬ 
strated  overall  70-751  yields  with  997.  puritv.  The  one-step  aqueous 
crystallization  is  dis< ussed  in  the  next  section. 


Tie  best  yield  obtained  was  78"  using  0.30  part 
HjO/part  crude  GN,  Run  RC-4 .  The  final  crystal  lizc-r  temperature  for  RC-9 
was  35°C.  It  is  possible  that  by  reducing  this  temperature,  the  yield 
could  have  been  improved.  This  temperature,  however,  was  not  arbitrarily 
chosen  but  rather  was  the  lowest  temperature  at  which  the  slurry  ap¬ 
peared  to  be  filterable.  In  summary,  it  is  doubtful  • h.n  GN  recrysial- 
1  i r at i on  yields  can  be  raised  to  407.  Roberts  (I'SP  1,043,878)  reports 
recrystal lizat Ion  yields  of  987;  however,  tin  start  t  ng.  c  rude  GN  from 
eutectic  crystal  lization  was  ‘>2,  GN.  On  this  has  i  ,  t  he  wefa  1  1  GN  re¬ 
covery  yield  (eutectic  plus  tec  rys  t  u  i  1  ; .  ntion)  is  about  /'O'  . 


(  2  t  Ague  i  -u s  W» ' r  k u p  -  .  i  vs  t  ail) .  . u  j  , w i 

The  alternative  to  tin  Hubert.',  workup  sv  heme  is 
the  original  aqueous  one  used  by  M.tc  Kav  in  the  Pi  t  t  In:  t  gh  Coke  and  Chemical 
work.  (*♦)  This  scheme  is  a  simple  cryst  1 1  l  l  /at  t  on  ot  GN  t  i  on  water. 

I'ht  melt  from  the  leactoi  is  dissolved  in  ..iter,  and  tie.  GN  t  r  v*t  a  1  1  i  z* 
and  separated  by  filtration  or  cent  r ifugat run.  The  mot  hot  1 1 quar  stream 
could  hi'  evaporated  to  rt  move  a  I  i  water  and  (h<  solids  •  ub-  equent  1  v  re  - 
c vc led. 

The  objectives  o  1  tills  stud',  well'  t  >  t  :  ml  op,  ;  at 
tug  conditions  which  gave  tin  best  vie  Id  ot  GT  t,GN  m  pi  .  iu,  t  /GN  in 
melt)  consistent  with  good  puiitv  and  lias  it!  i  ,  c.o.s, .......  i  ope  rat  i  oils  .  The 

principal  variables  we  1 1  water  - 1  .--nu  It  weight  ratio  md  i  -el  rug  rat  <  . 

Teed  compos  it  ion  and  final  e  r  vs  t  a  I  1  l  z«  r  tempeiature  aiv  'ilu  r  lac  tort, 
considered  in  the  study. 
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TABLE  16 


CRUDE  GUANIDINE  NITRATE  RECRYSTALLIZATION  RESULTS 


Run  Number 

RC-1 

RC-2 

RC-3 

RCM 

Feed  Source 

MC-1 

MC-2 

MC-7 

MO-8 

Feed  Composition  (Wi  %) 

Urea 

5.8 

4.2 

12.0 

15.7 

AN 

17.0 

15.4 

17.3 

15.  1 

GN 

76.4 

80.4 

69.7 

69.3 

Initial  Watei/Feed  Ratio 

0.5 

0.6 

0.37 

0.51 

Final  Water/Feed  Ratio 

- 

- 

0.28 

0.30 

Precipitation  Temp.  (°C) 

- 

76 

90 

92 

Final  Cryst.  Temp.  (°C) 

27 

3  0 

23 

35 

Cooling  Rate  (°C/min.) 

3-4 

3-4 

2 

2 

Filter  Vacuum  (cm.  H g) 

25 

25 

25 

25 

Filtration  Rate  (ml./cm^-min) 

Fast 

Fast 

Fast 

Fast 

Norn.  Crystal  Size  ( />  m) 

60  100 

60- 106 

100 

100 

Purity  (mole  %  GN) 

99.2 

99.8 

99.9 

99.9 

Material  Bala nee  UXija  (g . ) 

Crude  GN 
Water  Added 
Water  Evaporated 
Slurry  Filtered 
Unwashed  Cake  [wet) 
Mother  Liquor 
Voi.  Mother  Liquor  (ml) 
Water  '"a  h  Added 
Washed  Cake  (wet) 

Wash  Solution  Collected 
'  Solids  m  Cake 
1  Material  L  ' s t 


GN  Yield  (%)  * 

*  Product  r<  jvrv  yield 
NOTE :  Crude  GN  charged  ♦  o  recrystal 

lor  each  run. 


c  0 . 6 

1 1> .  5 

)  2.7 

21 

10.3 

9 . 9 

4  .  7 

1  1  .0 

-* 

- 

i  .  1 

4.6 

~ 

- 

15.5 

76.3 

- 

13.0 

8.0 

15.3 

11.1 

11.3 

6 ,  1 

11.3 

- 

1  1 

10 

10 

15 

15 

t> .  1 

10 

11.5 

i  d  .0 

!  .  1 

1 2 . 2 

17.0 

1  i  -  l! 

1  -7 

/  .  ! 

\  1  * 

i  *..  .  ^ 

CJ  .  U 

9  6  7 

9  3  .  5 

9  0 .  ] 

19 

>  i 

i 

It, 

/  .  / 

b9  .  8 

b 

56.3 

76.3 

l  t  l  '  'ii  1  i.isk  a-  iii,  I  <•,.  I  only  i 


Notes  Tor  Table  16: 


Feed  Source  -  Refers  to  melt  crystallization  ru.»  trcm  which  crude 
GN  was  obtained. 

Final  Water/Feed  Ratio  -  Weight  ratio  of  wet.  r  fo  ..-rude  GN  at 
the  end  of  crystallization  which  accounts  for  voter  loss  through  evaporation. 

Purity  -  Mole  per  cent  GN  in  the  dry  rc-rystall  ized  product  as 
determined  by  DSC. 

Crude  GN  -  Weight  of  crude  GN  charged  to  the  crystallizer  beaker. 

Water  Added  -  Amount  of  water  in  the,  system  just  before  crystallization  i 

is  started.  The  number  is  determined  by  differencing  the  gross  weight  of  ■ 

hot  solution  and  the  crude  GN  charges. 

Water  Evaporated  -  Weight  of  water  cvupoiutcd  during  the  crystal¬ 
lization  cycle;  determined  by  initial  and  final  gross  crystallizer  weights. 

Cake  Solids  -  Weight  per  cent  solids  in  the  washed  cake  determined 
by  drying  some  of  the  washed  cake  at  1 1 0°C  to  a  constant  weight.  | 

Material  Lost  -  Check  on  handling  losses  and  calculated  by  subtracting'  * 

outputs  fiom  inputs  and  dividing  by  input:.:.  j 

GN  Vic  id  -  This  is  a  crvstaUizaiion  proouct  yield;  i .  e  .  ,  the  fraction  1 

of  GN  in  the  crude  teed  that  is  found  in  the  dry,  pure  product.  1 


Yield  ••  100  (ikirity  X  Cake  Solids  X  Washed  Cake  W  t. ) 

(  .  - -..-JxuCsTu'^Tx  .ON  in 

Pvt.  Ou'.ie  ' in.. *  „i.  ::s.  :)  Onido  j 


! 
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Experimental  procedures  for  the  jqteous  workup 
runs  were  the  same  as  used  in  the  recrystallizations  of  crude  GN  except 
that  the  initial  charge  of  feed  was  varied  from  20  to  more  than  100  grams, 
The  first  six  runs  were  made  with  simulated  feels  made  up  from  reagent 
grade  U,  AN,  and  GN.  These  runs  were  made  to  determine  suitable  operat¬ 
ing  conditions.  In  Runs  AC-7  to  AC-15,  actual  crystalline  reaction  pro¬ 
ducts  from  Houdry  Bead  reaction  experiments  were  worked  up. 


In  reviewing  the  results  of  these  runs,  reported 
in  Table  17,  it  can  be  seen  that  the  workup  procedures  were  refined  two 
different  times.  Starting  with  Run  AC-6,  the  amount  of  water  evaporated 
during  crystallization  was  measured.  This  provided  a  more  accurate  solids 
content  (expressed  as  the  final  water  ratio)  of  the  slurry  to  be  filtered. 
Runs  AC-7  and  AC-8,  although  made  with  actual  reaction  product,  did  not 
include  filtration  to  remove  water  insolubles.  In  these  runs,  it  was 
found  that  the  water  inso  obles  plugged  the  filters,  making  filtration 
rates  low.  Starting  with  Kun  AC-9,  the  water  insolubles  were  removed 
before  crystallization. 


".he  results  in  Table  17  provide  insight  into  the 
effects  of  water/feed  ratio  and  GN  concentration  in  the  feed  on  the  GN 
yield  for  an  aqueous  workup  system.  By  taking  data  from  runs  with  the 
same  GN  feed  concentration,  the  effect  of  the  water /feed  ratio  on  yield 
is  shown  in  Figure  12.  These  results  show  that  water/feed  ratios  in  the 
range  of  0.2  to  0.3  result  in  GN  yields  of  75  to  30°/,.  Larger  portions  of 
water  result  in  lower  yields  because  of  the  larger  fraction  of  charged  GN 
in  the  mother  liquor. 


It  is  also  evident  from  Table  17  that  the  GN  con¬ 
centration  in  the  feed  (reaction  pi  >duct)  strongly  affects  the  yield. 
Figure  13  summarizes  the  yield  versus  feed  concentration  results.  The  GN 
yield  for  aqueous  crystallization  increases  from  about  307,  to  about  80% 
as  the  GN  concentration  in  the  reaction  melt  increases  from  157,  to  357,. 
Although  no  multicomponent  solubility  data  were  available  to  support 
these  empirical  results,  the  results  are  indeed  qualitatively  what  would 
be  expect  d;  i.e.,  a  greater  fraction  of  the  GN  in  a  lean  feed  is  lost  to 
mother  liquor  than  in  a  rich  teed. 


In  summary,  the  most,  desirable  conditions  for 
aqueous  workup  appear  to  be: 

(!)  Water  to  feed  ratios  >f  0.15  to  0.25 

(2)  GN  feed  concentrations  ~  357. 

(3)  Cooling  rates  of  l-2°C/min. 

(4)  Final  crystallizer  temperatures  of 
1 5  to  20" C . 


thummMam mWp '*&****>&*> » q\r— «— *  t  i-^  .  - •— *  «  - -  - 


Notes  for  Table  17: 


Filtration  -  Material  Lost  -  For  Runs  AC-1  through  AC-5,,  the  noted 
values  for  lost  material  were  for  the  entire  workup  process.  For  Runs  AC-6 
through  AC-19,  the  losses  are  for  the  filtration  step  only, 

GN  Yield  (or  Recovery)  -  The  GN  yield  is  the  per  cent  of  GN  in  the 
feed  that  is  found  in  the  dry  product.  However,  since  the  workup  procedure 
involved  several  steps,  the  formula  used  to  calculate  yields  contained  many 
factors  to  account  for  as  many  of  the  handling  losses  as  possible.  The 
formula  used  for  runs  with  removal  of  insolubles  via  filtration  was  as 
follows : 


Yield  = 


_ _ (Wt.  wet  cake)  (fraction  solids  in  cake)  (purity) _ 

(Wt.  slurry'  filtered)  (fraction  solids  in  slurry)  (7.  GN  in  XL  feed) 


where ; 


Fraction  Solids 
in  Slurry 


initial  solids', 
fraction 


wt.  hot  solution 
y  filtered 


Dry  wt  of 
insolubles 


Wt.  hot  solution  filtered 


X 


Wt.  solution  to  crystallizer 
Wt .  solution  to  crystallizer  -  evaporation  loss 


(In  Runs  AC-1  through  AC-5  yield  was  based  on  the  feed  dissolved.) 
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Effect  of  GN  Concentration  in  Reaction  Product  on  Aqueous  Workup  Yield 


At  those  conditions,  the  yield  of  GN  from  the  aqueous  workup  was  in  the 
range  70  to  80T4,  and  filtrations  were  generally  rapid  and  made  without 
difficulty. 


2  GN  Drying 

The  purpose  of  these  experiments  was  generally  to  assess 
guanidine  nitrate  drying  characteristics  and  to  obtain  data  for  pilot 
plant  dryer  design. 


In  a  typical  drying  experiment,  dry  GN  from  an  aqueous 
workup  run  was  slurried  in  water  and  filtered  in  a  4-cm-diameter  fritted 
filter  funnel.  In  tuis  way,  a  vet  cake  of  uniform  thickness  was  formed. 
The  filter  (with  the  cake  on  it)  was  then  put  into  an  oven  without  forced 
air  circulation  and  dried.  The  weights  of  the  filter  and  cake  were 
measured  as  a  function  of  time.  Experiments  were  conducted  at  ~  60°C 
and  ~  44°C.  Drying  rates  for  two  c^ke  depths  (6-7  mm  and  12-13  nur.)  were 
determined  at  each  temperature. 


Drying  data  for  one  run  (D-l)  are  presented  in  Figure  14. 
These  data  were  plotLed  in  the  standard  way:  i.e.,  moisture  content  (grams 
water  in  the  cake/g  dry  GN)  as  a  function  of  drying  time.  Figure  15  shows 
a  plot  of  drying  rate  versus  time  for  Run  D-l.  This  rate  curve  clearly 
shows  that  an  initial  constant  rate  period  is  followed  by  the  falling 
rate  period  as  is  found  for  ail  normal  systems. 


To  estimate  the  magnitude  of  the  drying  rates  which  might 
be  obtained,  the  slopes  of  the  drying  curves  during  the  constant  rate 
period  were  used.  Table  18  gives  the  drying  rates  in  engineering  units 
which  result  from  the  constant  rate  data  for  eacn  of  the  four  runs.  The 
drying  rates  are  commercially  reasonable  in  magnitude  and  could  be 
realized  with  indirect  rotary  dryers  with  moderate  heat  transfer  area. 
Note  that  the  rates  reported  should  be  conservative,  since  commercial 
dryers  would  be  agitated  and  have  forced  air  circulation.  Agitation  will 
definitely  be  required,  since  the  GN  caked  severely. 
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table  is 

SUMMARY  OF  DRYING  RESULTS 


(Dn 


Run  No. 

Drying 

Temp . 

(°C) 

Cake 

Depth 

(mm) 

Drying 

(lb  Dry  Cake/, 
\  hr  ft2  ) 

D-l 

62 

7 

59 

D-2 

62 

13 

25 

D-3 

44 

fc> 

i.9 

D-4 

44 

■*  r> 

1  £ 

11 

rate  assumed  a  cake 

with  an  initial  moisture 

content  of  15%. 

g.  Waste  Disposal 

and  Pollution 

Control 

Process  development  reports  by  Roberts  and  MacKay  have 
strongly  suggested  that  the  BMR  process  is  remarkably  free  from  waste 
streams.  The  work  done  in  Phase  I  of  the  contract  corroborated  the 
earlier  reports.  The  results  show  that,  stopping  short  of  continuous 
recycle  operation,  there  are  no  process  waste  streams  which  pose  pollu¬ 
tion  control  problems. 


By-products  or  waste  streams  can  arise  potentially  in  two 
main  areas  in  this  process:  gas  evolution  from  the  reaction,  and  solid 
and  liquid  streams  from  product  and  recycle  workup. 


As  reported  in  an  earlier  section,  the  off-gas  from  the  re¬ 
action  is  essentially  pure  ammonia  and  carbon  dioxide.  There  are  no  im¬ 
purities  detectable  by  mass  spec trography ,  a  sensitive  method.  This  re¬ 
sult  was  confirmed  usi  %  argon  blanketing  in  the  reactor.  The  off-gas 
stream  is  therefore  totally  recoverable  and  may  be  used  to  regenerate 
urea  or  ammonium  nitrate. 


During  the  reaction,  the  insoluble  by-product  anunelide  is 
found;  it  is  isolated  by  filtering  the  aqueous  crystallization  feed.  Re¬ 
sults  show  that  with  commercial  feeds  the  preferred  reaction  conditions 
for  GN  production  give  about  1%  ammelide  based  on  realtor  effluent  or  3% 
based  on  product  rate.  Therefore,  about  150  lb  ammelide/hr  could  be 
expected  at  a  production  rate  of  5000  lb  GN/hr.  Ammelide  is  potentially 
valuable  as  a  slow- release  nitrogen  fertilizer.  It  has  been  tested  ex¬ 
tensively  by  the  Tennessee  Vaile^  sutnouty  aim  gene  r«*  .  1  j  1UUUU  -  w  ~  ... 
pare  favorably  with  urea-type  slow  release  fertilizers.  These  latter 


81 


x^^^rngimiiasssmmtukmammmmemmmmmmmfmmmmmimmmmtmmit^mmm^mmmamiK^fr^^^^^^ _ , _ ., _ _ _  _ ^ 


materials  sell  at  about  $180/ton.  Although  ammelide  would  not  sell  at 
that  price  without  market  development,  it  should  be  possible  to  sell  it 
in  the  fertilizer  market. 


The  remaining  waste  stream  will  be  a  purge,  probably  from 
the  bottom  of  the  mother  liquor  evaporator,  and  will  consist  basically 
of  AN,  U,  GN,  together  with  their  condensation  products  and  perhaps  tars 
or  polymers.  This  material,  once  it  is  obtained  and  characterized,  can 
be  disposed  of  in  one  of  three  ways:  it  can  be  sold  as  fertilizer;  it 
can  be  incinerated  in  a  carbon- rich  environment  such  as  that  in  a  sewage 
sludge  incinerator,  or  it  can  be  subjected  to  disposal  by  cylic  nitri¬ 
fication-denitrification  in  a  biological  me  urn  along  lines  recently  dis¬ 
cussed  in  a  Federal  Water  Quality  Administre  ion  paper.  The  probable 
small  amount  and  high  quality  of  the  purge  m.  ce  the  first  alternative 
most  likely. 


h.  Process  Corrosion 


To  assess  corrosion  pot  rial  in  future  pilot  plant  or  com¬ 
mercial  plant  equipment,  a  brief  cor  osion  study  was  carried  out  in  Phase 
I.  Samples  of  5052  aluminum  and  304  and  316  stainless  steer  were  made 
up  in  testing  spools  at  the  Research  Center,  exposed  in  a  column  reactor 
system  at  Kenvil,  and  returned  to  the  Research  Center  for  analysis.  The 
results  are  summarized  in  Table  19.  All  materials  shove a  very  low  cor¬ 
rosion  rates  in  mils  per  year  (mpy),  the  highest  rate  being  that  of 
aluminum  in  the  reactor  effluent  (i.34  mpy). 


Materials  of  construction  were  previously  evaluated  briefly 
by  MaoKay  in  his  1955  worx.(4)  The  present  results  verify  his  findings  that 
304  stainless  steel  would  be  the  preferred  material  for  the  reaction  and 
workup  stages.  The  304  stainless  steel  uecaust  of  its  lev  corrosion  rate 
and  low  cost  among  stainless  steels,  was  selected  for  all  components  of  the 
pilot  plant  design  except  for  one  tubular  reactor  and  most  ox  the  process 
pumps  which  were  fabricated  of  316  stainless  steel.  Corrosion  coupons  of 
different  types  of  stainless  steel  and  aluminum  were  installed  in  one  of  the 
reactor  liquid -gas  separators  and  the  aqueous  quench  tank.  Addition#*, 
corrosion  data  will  be  available  upon  completion  of  the  pilot  plant  opera¬ 
tion. 
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ORRDSION  OF  POSSIBLE  MATERIALS  OF  CONSTRUCTION 
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Part  2  ••  Mathema  t  i  ral  Mod  cl  lap; 

Part  2  of  Phase  I  involved  the  preparation  " ad  use  of  mathematical 
models  to  describe  the  reaction  shcr  of  the  process. 


a .  Kinetic  Expressions 

To  aid  in  the  selection  of  the  mode  of  reactor  op  ration 
best  suited  for  guanidine  nitrate  production,  mathematical  mode  s  describ¬ 
ing  a  packed  bed  and  a  series  of  continuous  stirred  tanks  were  written. 

Such  models  provide  a  means  for  evaluating  the  advantages  and  di advantages 
of  each  type  of  operation.  In  addition  the  effects  on  yield  and  conversion 
of  such  operating  as  recycle  ratio,  feed  composition,  feed 

temperature,  jacket  temperature,  equipment  size,  and  residence  t  i  >.  can 
be  ascertained.  This  information  will  bo  f  obvious  /alec  in  fir  or 
design  work. 


The  first  stop  in  construct  ing  such  models  is  det  ‘rr.'ining  a 
set  of  reaction  rate  expressions  that  adequately  describe  the  kinetic 
behavior  of  the  system  as  functions  of  the  system  concentrations  and  the 
system  temperature.  In  the  case  of  guanidine  n*  t  rate,  these  expressions 
would  have  a  firm  basis,  since  the  hatch  experiment  conduct  •<!  were  des.gtuii 
to  provide  data  appropriate  for  constructing  such  models. 


Of  several  sets  of  eqtmc  i  test-  h  .  the  one  set  that  b  d 
fits  the  experimental  data  for  all  condi i ions  was  tin-  !el lowing: 
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where? 


r  -  reaction  rate  ,  moles/(time) (gram  of  catalyst) 


Nj  =  number  of  moles  of  component  i. 
Xj.  =  mole  fraction  of  component  i. 

Ac  -  -  eight  of  catalyst 
t  =  time 

k  =  specific  lute  constant 
k°  =  frequency  factor 
E  =  activation  energy 
T  =  temperature,  °K 
AN  =  ammonium  nitrate 
U  -  urea 

GN  ■■  guanidine  nitrate 


A  digital  computer  program,  utilizing  a  parameter  estimation 
terhr'que  known  in  the  literature  as  quasi  linearization,  was  used  to  fit 
the  ..umerical ly  integrated  solutions  of  equations  (1),  (2),  and  (3)  to  the 
experimental  data  of  Runs  30  through  36.  These  experiments  were  conducted 
at  a  variety  of  temperatures,  ammonium  nitrate/urea  ratios  and  catalyst 
charges.  The  estimated  rate  constants  are  given  in  Table  20. 

Figures  16,  17,  18,  10,  20  and  21  show  comparisons  of  the 
experimental  da  to  from  the  batch  runs  and  the  curves  predicted  by  the 
mathematical  model  (liquations  1,  2,  3)  using  the  estimated  rate  constants 
given  in  Table  20.  The  fits  are  reasonable  in  all  cases.  The  computed 
data  were  based  on  the  same  time  increments  as  the  experimental  data. 
Extension  of  reaction  imes  Joes  not  add  substance  to  the  Comparisons. 


The  temperature  dependence  of  the  rate  constants  (Equations  4 
and  5)  can  he  ascertained  by  an  Arrhenius  plot  of  the  rate  constants. 
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Figure  21.  Moles  Urea  vs  Reaction  Time  Houdry  Bead 


TABLE  20 


ESTIMATED  RATE  CONSTANTS 


Run 

Description 

^GN 

30 

190°C, 

2/2/1. 7 

.0005935 

.003957 

31 

180°C, 

2/2/1. 7 

.0001791 

.001352 

32 

200°C , 

2/2/1. 7 

.0007113 

.005174 

33 

190°C, 

1.4/2. 8/1. 7 

.0003795 

.002551 

34 

170°C, 

2/2/1. 7 

.00007240 

.0005035 

35 

190°C, 

2/2/0.85 

.0003692 

.002962 

36 

190°C, 

2 .8/1 ,4/1 .7 

.0003632 

.003164 

Figures  22  and  23  are  Arrhenius  plots  of  k^N  and  k„,  respectively.  Note 
that  in  each  case  one  data  point  does  not  follow  the  linear  relationship 
as  well  as  does  the  rest  of  the  data.  These  points  are  the  rate  constants 
for  Run  30  whose  deviation  from  the  norm  was  due  to  a  finer  catalyst 
particle  size  as  discussed  in  the  previous  section.  However,  even  with 
these  data  points  included,  the  rate  constants  in  the  Arrhenius  plots  follow 
straight  lines  with  simple  correlation  coefficients  in  excess  of  0.97  in 
both  cases.  It  is  important  to  note  that  the  three  points  grouped  closely 
together  at  190°C  (1/463°K)  in  Figures  22  and  23  represent  the  rate  con¬ 
stants  for  the  batch  runs  conducted  it  the  different  ammonium  nitrate/urea 
ratios  and  the  different  catalyst  ievels(Runs  33,  36,  and  35).  The  close 
grouping  of  these  points  indicates  that  the  model  adequatt ly  describes  the 
response  of  the  system  to  variations  in  these  operating  conditions. 


Least-squares  fits  to  the  rate  constants  on  the  Arrhenius 
plots  yield  the  following  parameters: 

Egn/R  -  16,550°K 

12 

*  1.31  x  10  moles/(gram  of  catalyst)  (minute) 

Ey/R  -  16,890°K 

13 

k.°,  *  2.01  x  10  moles/(gram  of  catalyst)  (minute) 
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b.  Packed -Bed  Model  and  Bench- Scale  Reactor  Predictions 


A  mathematical  model  of  a  packed -bed  reactor  was  written  to 
evaluate  the  performance  of  such  a  reactor  for  producing  guanidine  nitrate 
and  to  determine  the  effect  of  various  operating  conditions  on  yield  and 
conversion.  This  model  takes  into  account  the  variation  of  the  melt  volume 
with  conversion  and  predicts  the  gas  production  rate.  The  model  also 
Includes  heat  transfer  from  a  heating  jacket  and  predicts  the  axial  tempera¬ 
ture  profile  (temperature  gradient  along  the  longitudinal  axis  of  the 
reactor).  The  details  of  the  derivation  and  differential  equations  them¬ 
selves  are  presented  in  Appendix  1-1.  A  listing  of  the  computer  programs 
is  given  in  Appendix  1-2. 


The  program  determines  the  axial  concentration  profiles  and 
final  product  flow  rates  and  concentrations, 

A  computer  run  simulating  a  packed-bed  reactor  2  inches  in 
diameter  and  4  feet  long  and  having  a  6-lb/hr  feed  rate  was  performed. 

This  was  the  size  of  the  bench-scale  reactor  to  be  employed  in  scale-up 
studies  as  discussed  in  a  subsequent  section.  The  feed  was  equimolar  in 
ammonium  nitrate  and  urea  and  contained  9.05  wt.  7.  recycled  guanidine  nitrate. 
The  computer  printout  for  this  run  is  shown  in  Table  21. 

Additional  computer  predictions  were  performed  cn  this  2-inch 
reactor  but  at  different  feed  rates  and  GN  feed  contents.  (The  printouts 
are  given  in  Appendix  i-fi.)  The  effect  of  feed  rate  on  yield  and  conversion 
with  and  without  recycled  guanidine  nitrate  is  given  in  Figures  24  and  25, 
respectively. 


At  a  melt  feed  rate  of  2  lb/hr,  the  data  indicate  the  yield 
is  in  excess  of  1007.  (see  Figure  24).  It  is  possible  to  obtain  yields 
greater  than  1007.  because  of  the  ratio  of  assumed  stoichiometric  coeffi¬ 
cients  (i.e.,  2  moles  of  urea  react  to  form  1  mole  of  guanidine  nitrate) 
used  in  the  definition  of  yield.  This  stoichiometry  has  not  been  demon¬ 
strated  and  it  was  used  here  so  that  the  results  of  this  report  can  be 
compared  to  those  of  Roberts  and  MacKay  who  also  used  this  factor  of  2. 
Yields  in  excess  of  1007.  have  been  obtained  experimentally  (see  Run  36)  . 

A  melt  feed  rate  of  2  lb/hr  corresponds  to  a  residence  time  of  about  three 
hours  which  constitutes  an  extrapolation  of  the  batch  experimental  data. 


The  data  from  the  2-inch  column  run  are  again  plotted  In 
Figures  26  and  27,  but  here  yields  and  conversions  are  shown  as  a  function 
of  the  nominal  residence  time.  The  nominal  residence  time  is  defined  as 
the  total  reaetor  volume  (packing  plus  voids)  over  the  volumetric  feed  rate. 
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The  curves  In  Figure  28  predict  the  temperature  vs  axial 
position  for  three  different  feed  rates  at  a  195°C  jacket  temperature.  All 
three  curves  show  an  initial  temperature  drop  due  to  the  high  endothermic 
heat  of  reaction.  The  temperature  recovers  as  the  reaction  slows  down 
and  the  heat  transfer  improves. 


Figure  29  shows  the  variation  in  overall  yield  with  changing 
ammonium  nitrate/urea  ratio  in  the  feed.  It  should  be  noted  that  this 
overall  yield  passes  through  a  maximum  at  an  AN/U  ratio  of  1/1.  Above  and 
belov  the  1/1  ratio,  more  feed  material  and  therefore  larger  equipment  is 
required  to  produce  the  same  quantity  of  guanidine  nitrate. 


Several  other  parameters  are  of  interest  in  the  design  and 
operation  of  a  packed-bed  reactor  for  this  system.  Since  a  large  volume 
of  gas  is  generated  during  a  pass  through  the  tubular  reactor,  the  fraction 
of  the  void  volume  occupied  by  the  liquid  will  vary  with  axial  position. 

The  Reynolds  number  will  therefore  also  vary  with  axial  position  ard  will 
give  rise  to  a  change  in  the  heat  transfer  properties  of  the  bed  down  the 
length  of  the  reactor.  The  change  in  volume  of  the  melt  upon  reaction  also 
makes  a  contribution  to  this  phenomenon.  The  radial  temperature  profiles 
and  the  resulting  yields  and  conversions  will  be  directly  affected  by  such 
considerations.  Prediction  of  these  factors  and  their  effects  on  the 
behavior  of  the  uyatem  was  included  in  the  mathematical  model  of  the  packed 
bed.  Numerical  results  for  these  parameters  are  presented  in  the  following 
section  which  discusses  a  candidate  for  a  pilot  plant  utilizing  packed-bed 
reactors . 


c .  Pilot  Plant  Predictions  Using  Packed-Bed  Model 

A  mathematical  model  of  a  packed-bed  reactor  was  used  to 
obtain  data  for  the  design  of  a  pilot  plant.  The  computer  output  is 
presented  in  Table  22. 


The  following  inputs  v  re  programmed  into  the  computer  run: 


(1) 

Reactor  diameter 

-  4  in. 

(2) 

Reactor  length 

-  10  ft 

(3) 

Melt  feed  rate 

-  30  lb /hr 

<*) 

Guanidine  nitrate  in  feed 

-  97.  by  weight 

(5) 

AN/U  ratio 

-  1/1 

(6) 

Feed  temperature 

-  190°F 

(7) 

Jacket  temperature 

-  1 95 °F 

(8) 

Catalyst  per  tube 

-  11,2  60  gni 

(9) 

Nominal  residence  time 

-  12b  minutes 

(24.8  lb) 


(empty  tube  volume /volumetric  feed  rate] 


l!H 


,  I  ■  _ ...  ... 
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TABLE  22 


MATHEMATICAL  MODEL  GENERATED  COMPUTER  OUTPUT 
FOR  4-INCH-DIAMETER  PACKED  BED  REACTOR 
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The  computer  output  (Table  22)  provided  the  (1)  molar  gas  and 
melt  flow  rate;  (2)  mole  fractions  of  ammonium  nitrate,  urea,  and  guanidine 
nitrate;  (3)  conversion  of  urea  (moles  of  urea  reacted/mole  of  urea  fed); 

(4)  yield  (moles  of  guanidine  nitrate  formed /mole  of  urea  reacted)  ;  and 

(5)  area-weighted  average  radial  temperature  as  functions  of  the  cyfa 1 
position  in  the  column. 


Note  that  the  yields  shown  in  Table  22  do  not  contain  the 
ratio  of  the  assumed  stoichiometric  coefficients.  To  be  comparable  to 
yields  previously  presented,  these  values  should  be  multiplied  by  2. 


The  product  flow  from  the  reactor  was  23.5  lb/hr.  It  consisted 
of  42.7  wt.  7.  ammonium  nitrate,  9.6  wt.  7.  urea  and  47.7  wt.  7.  guanidine 
nitrate.  The  yield  was  88.57,  and  the  conversion  was  80.77..  The  guanidine 
nitrate  produced  during  a  pass  through  this  reactor  was  8.5  lb/hr.  For  a 
pilot  plant  producing  50  lb/hr  of  guanidine  nitrate,  six  such  tubes  in 
parallel  would  be  required. 


The  computer  model  was  also  programmed  to  give  output  data 
regarding  (1)  fraction  of  the  void  volume  occupied  by  liquid  (R^) ,  (2) 

Reynolds  number  for  the  melt  based  on  R^,  and  (3)  radial  temperature  profiles, 
all  as  a  function  of  axial  position  in  the  reactor  column. 


A  computer  printout  of  the  radial  temperature  profiles  vs 
axial  position  is  given  in  Table  23.  These  and  other  output  data  are  also 
presented  in  the  following  graphical  plots: 

(1)  Rl  vs  axial  position  (Figure  30) 

(2)  Reynolds  Number  vs  axial  position  (Figure  31) 

(3)  Radial  Temperatures  vs  axial  position  (Figure  32) 

(4)  Average  Radial  Temperature  and  Centerline  Temperature 
vs  axial  position  (Figure  33) 


(5)  Mole  Fractions  of  AN,  U,  and  GN  vs  axial  position 
(Figure  34) 


The  following  conclusions  were  drawn  from  these  data: 

(1)  The  dropped  rapidly  from  1.0  to  0.1  in  moving  just 

one-half  the  distance  up  the  tube  due  to  the  large  volume 
(0.95  mole/min)  of  gas  generated  in  this  section. 
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COMPUTER  OUTPUT  PREDICTING  RADIAL  TEMPERATURE  PROFILE 
AS  FUNCTION  OF  BED  HEIGHT  FOR  4-INCH-DIAMETER  PACKED  BED  REACTOR 
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Figure  30 


Calculated  Liquid  Reynolds  Number  Vs  Axial  Position  for  Tubular  Reactor 


Calculated  Average  Radial  and  Centerline  Temperatures 
Vs  Tubular  Reactor  Axial  Position 


* i  * r^w*-.  ■  ■  <nft  y^ftyy  ..#”7 ■»•  » •  v  ,» 
?m**t*tm**i«#x*  wi^wii.  4.  v->s' 1  *.***•« 


..«7i»»««T*w(*i  U 


(3) 


The  Reynolds  number  increased  by  nearly  an  order  of 
Magnitude  in  proceeding  up  the  reactor.  Such  @n  increase 
was  advantageous  in  providing  improved  radial  mixing  and 
greater  effective  heat  and  mass  transfer  in  the  radial 
direction.  The  radial  temperature  profiles  reflected 
this  behavior. 

If  the  feed  was  introduced  at  190°C,  the  centerline  temper¬ 
ature  dropped  to  185°C  at  the  2-ft  level.  From  this  point 
the  temperature  steadily  increased  to  approximately 
190°C  at  the  10-ft  level. 


(4)  The  radial  profiles  became  increasingly  flat  with  an 
increasing  axial  position.  This  is  due  in  part  to  the 
increase  in  radial  mixing. 


d .  Continuous  Stirred  Tank  Model 

A  computer  model  was  prepared  simulating  the  performance  of 
one  to  three  identical  stirred  tank  reactors  in  series. 


1  Conversion  and  Yield 


1-3. 


A  detailed  description  of  the  model  is  given  in  Appendix 
A  listing  of  the  computer  model  is  given  in  Appendix  1-4. 


The  model  was  programmed  to  give  information  on  yield  and 
conversion  as  a  function  of  AN/U  ratio  and  catalyst /feed  ratio.  The  melt 
feed  rate  was  held  constant  at  1  mole/minute  for  all  simulations. 


The  computer  runs  produced  data  which  ar;  shown  in  graphi¬ 


cal  form  a;j  follows: 

O) 

GN  Yield^a)  vs  AN/U  Ratio  at  Different  Cataly 
Ratios  (Figure  35) 

at /Feed 

(?) 

Urea  Conversion^)  vs  AN/lJ  Ratio  at  Different 
Feed  Ratios-  (Figure  36) 

Catalyst/ 

(3) 

Inverse  of  Overall  Yield**')  vs  At’/U  Ratio  at  1 
Catalyst /Feed  Ratios  (Figure  37) 

i' i  f  ferent 

(a^Yteld  -  (moles  GN/2 
(h)conversion  -  (moles 

moles  urea  reacted)  100 
u  re a  re a  c t e d /mo  1 e  a  re u  f v d )  1 00 

cs  Overall  Yield  -  (moles  G'N  formed /mole,  of  feed)  sou 


\ 


112 


These  graphs  illustrate  the  following  relationships; 


(1)  The  yield  increased  as  the  AN/U  ratio  and  catalyst/ 
feed  ratio  increased. 

(2)  The  conversion  in  general  decreased  with  increasing 
ammonium  nitrate /urea  ratio  and  increased  with 
increased  catalyst  charge, 

(3)  The  overall  yield  passed  through  a  maximum  at;  about 

a  1/1  AN/U  ratio.  This  was  also  the  case  in  the  packed- 
bed  simulations. 


2_  Pilot  Plant  Simulation 

The  model  was  next  programmed  to  simulate  a  pilot-plant 
design  employing  three  stirred  tanks.  A  temperature  of  190°C  was  maintained 
in  each  tank.  One  thousand  grams  of  catalyst  (Houdry  beads)  were  charged 
into  each  tank,  and  the  feed  rate  to  the  first  reactor  was  1  mole/min. 
of  AN/U  -  1/1  containing  107.  guanidine  nitrate.  The  catalyst  filled  507. 
of  each  of  the  1.175-gallon  reactors.  The  computer  output  (see  Tables  24, 

25  and  26)  determined  the  overall  conversion  to  be  from  38.17.  to  59.37.  to 
71.37.  for  the  three  tanks.  The  yield  in  each  tark  increased  from  76.17. 
to  85.27.  to  93.37..  The  final  product  flow  rate,  was  7.88  lb/hr  per  mole/min. 
of  feed  and  contained  42.1  wt.  7.  ammonium  nitrate,  13  wt.  7.  urea  and  44.3  wt. 
%  guanidine  nitrate. 


From  this  program  it  is  concluded  that  to  produce  50  lb/hr 
of  guanidine  nitrate,  a  pilot  plant  would  have  to  be  20  times  as  large 
as  the  system  simulated.  Therefore,  three  25-gallon  reactors  would  be 
needed.  The  feed  rate  to  the  first  reactor  would  be  193  lb /hr,  and  the 
product  rate  from  the  third  reactor  would  be  158  lb/hr.  The  catalyst  in 
each  vessel  would  be  20,000  gm  (44  lb). 


e •  Comparison  of  Stirred  Tank  and  Packed -Bed  Reactors 

A  summary  and  comparison  of  the  findings  from  the  previous  two 
sections,  are  presented  in  Table  27. 


These  data,  plus  other  considerations,  were  used  in  selecting 
the  reactor  system  fcr  the  pilot  plant,  A  discussion  of  the  rationale  for 
the  final  reactor  design  selection  appears  later  under  Phase  II. 


TABLE  24 

COMPUTER  OUTPUT  FOR  PILOT  PLANT 
STIRRED  TANK  REACTOR  -  FIRST  REACTOR 


8IUMMNF  nitrate  PBOTFrr 
Continuous  STiRREf  tanka 

hiuory  «e*os 

SUL*  nfNSITY  ■  7,37  fjCA-S/ni.  JN. 

packing  pop  18 1 r y  •  voi  .Per. 
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TABLE  25 

COMPUTER  OUTPUT  FOR  PILOT  PLANT 
STIRRED  TANK  REACTOR  -  SECOND  REACTOR 
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TABLE 


COMPUTER  OUTPUT  FOR  PILOT  PLANT 
STIRRED  TANK  REACTOR  -  THIRD  REACTOR 


ftllAN  l  n  I  NF  NITRATE  PPO.rFCT 
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TABLE  27 

COMPARISON  OF  PROPOSED  PILOT  PLANT  GN  REACTORS 
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(1)  Conversion  =  (Moles  Urea  Reacted/Mole  Urea  Fed)100 

(2)  Yield  =  (Moles  GN/2  moles  Urea  Reacted)  100 
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4.  Part  3  -  Bench-Scale  Reactor  Studies 
a.  Equipment  Description 

A  tubular  reactor  concept  for  reacting  AN  and  urea  to  produce 
GN  was  proposed  originally  for  the  pilot  plant  and  subsequent  production 
plant  scale-up.  This  type  of  design  offers  advantages  with  respect  to 
simplicity  of  design,  reliable  scale-up,  costs  and  safety.  A  2  inch 
diameter  x  4  ft  tall  tubular  reactor  was  installed  and  operated  to  demonstrate 
the  feasibility  of  this  concept,  to  verify  laboratory  data,  and  to  prepare 
for  pilot-plant  design. 


A  schematic  of  bench-scale  reactor  and  auxiliary  equipment  is 
shown  in  Figure  38.  A  schematic  of  the  reactor  is  shown  in  Figure  39. 
Solid  AN  and  urea  were  charged  to  the  feed  tanks,  melted  and  then  pumped 
at  a  desired  rate  through  a  preheater  and  into  the  bottom  of  the  reactor. 
The  reactor  was  designed  for  a  nominal  production  rate  of  5  lb  GN/hr. 
Off-gas  (NH3  and  CO2)  from  the  reactor  was  collected  as  solid  ammonium 
carbamate  (AC)  in  a  dry  ice  trap. 


A  2  inch  ID  x  6  foot  section  of  Pyrex  pipe  constituted  the  basis 
of  the  initial  reactor.  It  was  subsequently  replaced  with  all  stainless 
steel  construction.  Two-inch-diameter  tees  and/or  crosses  at  each  end  of 
the  reactor  served  as  feed,  product,  off-gas  and  thermocouple  connections. 

The  bottom  of  the  reactor  was'  fitted  with  100  mesh  stainless  steel  screen 
to  support  the  catalyst;  the  top  was  fitted  with  the  same  type  screen  to 
prevent  overflow  of  the  catalyst.  Thermocouples  were  spaced  throughout 
the  reactor  to  measure  axial  and  radial  temperature  profiles.  All  process 
lines  were  constructed  of  stainless  steel.  Heat  for  the  preheater  and  reactor 
was  supplied  from  an  electric-fired,  hot  oil  circulating  system.  The  heat 
transfer  medium  employed  was  Union  Carbide  Grade  L-40  silicone  fluid,  a 
dime thy lpolysiloxane ,  This  material  is  compatible  with  a  mixture  of  AN/D/ 

GN  as  was  shown  by  the  standard  Taliani  test.  Houdry  macroporous  silica 
beads,  predried  at  225°C  for  two  hours,  were  used  for  all  experiments. 


b.  Sunroary  of  Bench-scale  Reactor  Operations 

Twenty-one  runs  were  made  in  the  continuous- flow  guanidine 
nitrate-packed  bed  reactor.  The  following  objectives  were  achieved: 

(1)  The  production  of  guanidine  nitrate  using  the  Boatright- 
MacKay- Robert s  (BRM)  process  in  a  continuous-flow,  packed 

bed  reactor  was  demonstrated  and  shown  to  be  feasible. 

(2)  Experimental  data  were  obtained  as  a  function  of  a  number 
of  process  parameters  (temperature,  anmoniuin  nitrate/ 

urea  feed  ratio,  flow  rate,  bed  height,  grades  of  reactants, 
upflow  versus  downflow,  guanidine  nitrate  level  in  the 
feed)  . 
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trate  Bench  Reactor  Flow  Diag 


V',*— jn  .Tr>y  T*>n -.  .  - 


wW <r  ■  ?  ”Ts-Yvr\u"e,'=’*rr.'7-'' ■- t- vs 


rp:*wjs=vp~v5>  r.  .’•  t:  /• 


»a*..wt3«i«-.  aa--  ■  »*p-a<&tsaB*  n^gwro- v^*svmmxKSvfi  ivrtrsv**jm»t'**/ w>wwnm«.vT- » 


(3)  The  data  from  the  columnar  reactor  were  screened  and 
compared  on  a  preliminary  level  with  the  predicted  values 
from  the  packed-bed  reactor  mathematical  model  in  terms 
of  product  composition,  temperature  profiles,  and  fluid 
xlow  pattern  in  the  reactor.  This  preliminary  screening 
indicated  that  the  model  was  quite  accurate  and  could 

be  used  with  confidence  for  the  pilot  plant  reactor  design. 

(4)  A  number  of  process  design  questions  were  explored,  and 
data  obtained  for  the  Phase  II  pilot  plant  design.  Among 
the  mino-c  but  important  findings  were  the  following: 


(c.y 

Mass  transfer  of  reactants  to  the  catalyst  particle 
is  not  a  significant  factor  in  the  reaction  rate 

expression. 

(b) 

The  off-gas  can  be  trapped  completely,  and  no 
oxides  were  generated  in  any  of  the  runs. 

nitrogen 

<c) 

Water  insolubles  in  the  product  were  detected 
measured  routinely.  The  level  confirmed  the 
literature  data. 

and 

c .  Results  and  Conclusions 

As  noted  above,  21  runs  were  made  in  the  2-inch-diameter 
columnar  reactor.  Complete  sets  of  data  were  obt  ’.ined  for  12  runs,  and 
parcial  sets  of  data  were  obtained  for  9  runs.  The  runs  made  and  calculated 
results  are  presented  in  Tables  28,  29  and  30,  respectively.  Two  of  the 
major  efforts  were  (1)  to  demonstrate  the  feasibility  of  producing  GN  via 
the  BMR  process  in  a  continuous,  packed-bed  reactor,  and  (2)  to  obtain 
experimental  data  to  confirm  the  accuracy  of  the  mathematical  model  for 
packed-bed  reactors.  Both  objectives  were  accomplished.  The  experiments 
and  results  are  discus jed  in  detail  in  the  following  sections. 


1  E f feet  of  Process  Parameters  on  Product  Composition 

The  parameters  varied  in  the  continuous  reactor  runs  were 
temperature,  feed  molar  ratio  (FMR)  of  ammonium  nitrate : urea  (AN:U),  feed 
rate,  flow  direction  (upflow  versus  downflow),  bed  height,  grades  of  feed 
materials,  and  the  level  of  recycle  guanidine  nitrate  (CM)  in  the  feed. 

The  percent  GN  in  the  product  increased  with  an  increase  in  temperature 
and/or  bed  height  and  with  a  decrease  in  flow  rate  and/or  FMR.  The 
quantitative  level  of  these  increases  versus  that  expected  by  theory  can 
be  assessed  by  comparing  the  Kenvil  bench  unit  data  with  the  predicted 
data  from  the  packed-bed  reactor  mathematical  model.  Several  computer  run:, 
were  made  with  the  mathematical  mode  1  o  provide  data  for  product 
composition,  conversion,  yield,  temperature ,  etc:.,  as  a  t  unction  of  catalyst 
depth  for  a  2 -Inch-diameter  upflow  reactor.  Primary  variables  were  mass 
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BENCH-SCALE  DATA  FROM  COLUMNAR  REACTOR  PRODUCTION  RATE  AND  INSOLUBLES 
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6%  GN  xn  Feed  at  4.4  lbs/hr. 
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flow  rate  nnd  feed  compositions  *  Data  from  five  of  the  bench-scale  reactor 
runs  are  compared  to  predicted  values  in  Table  31.  The  data  for  Run  5,  made 
at  an  average  feed  rate  of  6.2  lb/hr  at  193°C  reaction  temperature,  are 
compared  to  predicted  values  for  a  condition  of  6.0  lb/hr  at  190°C.  The 
resulting  product  compositions  are  very  close.  Data  for  Runs  7,  11  and  14 
were  compared  with  data  for  samples  which  used  lower  feed  rates  and  lower 
temperatures.  Since  the  effects  of  these  two  parameters  on  the  product  composition 
counteract  each  other  (higher  feed  rate  -  less  conversion;  higher  temperatures  • 
more  conversion),  the  overall  product  composition  should  be  close  to  the  model. 
Inspection  of  Table  31  confirms  this.  Recults  for  Run  12  (3.4  lfc/hr  and 
379°F)  are  compared  to  a  sample  calculation  (4.0  lb/hr  and  374CF)  in 
which  the  two  experimental  parameters  would  favor  a  somewhat  higher  conver¬ 
sion  m  the  product.  This  was  the  case  as  shown  in  Table  31.  The  obvious 
conclusion  from  these  five  comparisons  is  that  the  packed-bed  reactor  model 
is  capable  of  predicting  quite  accurately  the  resultant  product  compositions. 


Two  other  parameters  varied  in  the  bench-scale  runs  were 
the  grades  of  feed  materials  and  the  flow  direction.  Based  on  available 
information  from  other  investigators  (Hercules  Research  Center,  etc.),  one 
would  not  expect  differences  in  yield,  conversion,  etc.,  when  using  commercial 
grades  instead  oi'  reagent  grades  of  urea  and  ammonium  nitrate.  Data  from 
the  bench-scale  operations  showed  that  there  were  o  apparent  effects  on  the 
reaction  using  commercial  AN  (Hercules, /Kenvi 1 ,  grained  uncoated  1-G,  see 
Table  32)  or  U  (W.  R.  Grace).  One  effect,  independent  of  the  reaction,  of 
using  coated  commercial  feed  stock  is  the  necessity  of  in-line  filtration 
to  remove  the  anti-caking  agents,  etc.  If  this  step  is  not  added  to  the 
process,  potential  problem  .nay  result  if  impurities,  such  as  talc  or  clay, 
are  deposited  in  the  feed  pump  check  valves  and/or  in  the  catalyst  oed. 

The  direction  of  flow  through  the  catalyst  bed  was  reversed 
to  downflow  for  Run  21.  This  run  was  split  into  three  parts  so  that 
gravity  flow  (21A)  and  pressure  flow  (two  rates  -  21B  and  21C)  could  be 
explored.  In  Runs  21A  and  21B,  the  feed  rates  were  the  same.  The  operational 
differences  were  that  the  overhear  vent  line  valve  was  left  open  for  Pun 
2 1A  to  provide  gravity  flow  through  the  bed.  The  resultant  conversions  for 
Runs  21A  and  21B  were  similar  (14.3  versus  12.5%  GN) .  When  the  flow  rate 
was  cut  in  half  in  Run  21C,  the  conversion  increased  to  24.1%.  The  actual 
bed  temperature  was  not:  available  in  this  run;  however,  based  on  the  oil 
temperature  and  the  estimated  wall  AT  (based  on  Runs  1  thro  igh  4),  it  was 
estimated  that  the  skin  temperature  in  this  run  was  ~  380°F.  If  so,  these 
conversions  appear  in  line  with  the  upflow  data. 

2_  Temperature  Profile 

Another  objective  of  the  bench-scale  reactor  work  was  to 
obtain  temperature  profile  data  for  further  confirmation  of  the  packed  bed 
matheraat i cal  model.  A  typical  predicted  axial  temperature  profile  shows 
an  initial  decrease  due  to  the  inherent  endothermic  reaction.  The  axial 
temperature  then  recovers  with  a  corresponding  movement  up  the  tube  because 
of  a  slower  reaction  and  improved  heat  and  transfer  resulting  from  higher 
fluid  velocities. 
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TABIZ  31 
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TABLE  32 


CHEMICAL  ANALYSIS  OF  GRAINED,  UNCOATED  1  G  AMMONIUM  NITRATE 
(Contains  no  crystal  habit  modifiers) 


Property 

Moisture 

Limits ,  % 

Measured  Value  * 

.  15  max 

.02 

Ether  Solubles 

.10  max 

.  o2 

Water  Insolubles 

.  18  max 

.02 

Insol.  Mat'l  Retained 
on  #4  0 

.01  max 

trace  (  <.01) 

Acidity,  as  HNOg 

.02  max 

none 

Nitrites 

none 

none 

Sulfates,  as  (NH,^  SO4 

.02  max 

<0.02 

Chlorides ,  as  NH4  Cl 

.02  max 

<  0.02 

Ammonium  Niteate 

99.0  min 

99.54 

Pe  tro  Ag 

0.08  -  .15 

0.10 

Zinc  Oxide 

0.05  -  0.1 

0.08 

Densitv,  gms/ml 

1 . 63  min 

1.72 

Granulation:  Thru  No.  10 

trace 

trace 

On  No.  40 

51 

53 

Thru  No.  100 

29 

33 

*  Kenvil  analysed  of  material  from  bag  of  Ammonium  Nitrate  IG  used  in 
continuous  reactor  runs . 
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The  initial  comparison  of  actual  vs  predicted  reactor 
temperature  was  made  with  bench-scale  reactor  Run  13  (2.5  lb  feed/hr).  The 
two  sets  of  data  were  qualitatively  similar;  however,  the  predicted  center- 
line  temperatures  were  as  much  as  5°C  higher  than  the  actual  values. 


The  heat  of  reaction  used  in  the  initial  modeling  work  was 
28.2  kcal/gmole  GN.  This  value  was  determined  experimentally  by  MacKay  by 
measuring  temperature  drops  and  extents  of  conversion  to  GN.  To  show  that 
this  experimental  value  was  reasonable,  MacKay  estimated  the  heat  of  re¬ 
action  at  25°C  using  solid  and  gaseous  standard  state  heat  of  formation  data. 
His  estimated  value  was  26.1  kcal/gmole  GN. 


Using  the  heat  of  formation  data  referenced  by  MacKay,  the 
heat  of  reaction  at  25®C  was  calculated  to  be  35.6  kcal/gmole.  The  large 
discrepancy  between  this  v?ilue  and  MacKay' s  was  apparently  due  to  a  sign 
error. 


The  estimate  of  the  heat  of  reaction  was  further  refined  by 
using  the  most  recent  heat  Gf  formation  data  and  by  calculating  it  at  190°C 
based  on  liquid  (melt)  and  gaseous  standard  states.  To  do  this,  it  was 
necessary  to  estimate  the  heat  capacities  of  crystalline  urea,  GN,  and  AN. 

It  was  assumed  the  heat  capacities  of  the  pure  melts  were  not  much  different 
than  those  of  the  combined  melt,  which  had  a  heat  capacity  of  ca  9.45  Btu/ 
lb/°F  at  150°C.  The  estimated  value  for  the  GN  heat  of  reaction,  assuming 
the  overall  reaction  of  2  moles  of  urea  and  1  mole  of  AN  to  yield  1  m  le  of 
GN,  1  mole  C02  and  2  moles  NH3  at  190°C,  was  33.5  kcal/mole  of  GN.  A  value 
of  35  kcal/gmole  of  GN  was  used  in  the  revised  model. 


The  model  for  predicting  the  effective  thermal  conductiv¬ 
ity  of  the  bed  consists  essentially  of  two  terms:  one  for  the  contribution 
of  the  thermal  conductivity  of  the  stagnant  bed  and  the  other  for  the  con¬ 
tribution  due  to  radial  mixing.  The  value  for  the  thermal  conductivity  of 
the  stagnant  bed  that  had  been  used  was  7.03  cal /min- in. °K  as  suggested  in 
the  open  literature  by  Wickman  and  Meyers. (6)  These  authors  have  correlated 
several  sizes  and  types  of  packing  material  and  have  found  that  over  a  wide 
range  of  Reynolds  numbers,  s  common  value  for  the  thermal  conductivity  of 
the  stagnant  bed  for  all  of  the  various  packings  represented  that  data  suf¬ 
ficiently  well.,  At  high  Reynolds  numbers,  the  contribution  of  the  stagnant 
thermal  conductivity  to  the  effective  thermal  conductivity  of  the  bed  is 
small.  However,  at  the  low  Reynolds  number  flow  conditions  that  exist  ir, 
the  quanidine  nitrate  reactors,  the  stagnant  thermal  conductivity  plays  a 
much  larger  role  and  the  values  used  should  therefore  reflect  more  accurately 
the  properties  of  the  bed  material  being  utilized.  Kunii  and  SmlVh(7)  have 
measured  the  stagnant  thermal  conductivity  of  silica  in  various  liquids  and 
report  it  to  be  approximately  1.5  calories  /ruin-  in  ,"K .  This  is  the  figure 
now  used  in  the  guanidine  nitrate  reactor  model. 
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With  the  above  changes  made,  a  simulation  run  was  made  for 
feed  conditions  of  10  lb/hr  and  ammonium  nitrate/urea  ratio  of  1/1  in  a 
4-ft  -long,  2- inch- diameter  tube.  These  conditions  duplicated  those  of 
Run  14  for  the  bench- scale  packed  bed  unit.  The  centerline  temperature  for 
the  simulation  dropped  to  a  minimum  of  183°C  at  a  distance  of  17  inches 
from  the  start  of  a  heated  catalyst  bed.  This  agreed  well  with  the  experi¬ 
mental  results  from  the  bench  reactor  in  which  a  minimum  temperature  of 
182°C  was  recorded  at  15  inches  from  the  bottom  of  the  catalyst  bed  with  a 
reference  plane  2  inches  above  the  steam  jacket  bottom.  A  comparison  of 
the  predicted  vs  the  actual  profiles  is  shown  in  Figure  40. 


Gas-Liquid  Pattern  in  Column  Reactor 


One  of  the  objectives  of  the  columnar  reactor  effort 
was  to  assess  qualitatively  the  gas-liquid  flow  pattern  in  the  packed- 
bed  reaction  zone.  This  was  one  of  the  two  reasons  a  glass  reactor  was 
originally  selected  for  the  columnar  work.  The  other  reason  was  to  observe 
the  importance  of  foaming  due  to  catalyst  fines.  The  glass  reactor  was 
used  for  Runs  1  through  4  (upflow)  and  for  Run  21  (downflow) . 


In  the  upflow  runs,  there  was  a  distribution  of  a  liquid 
dispersed  in  a  gas  phase  at  the  bottom  and  throughout  most  of  the  bed.  This 
condition  changed  to  a  gas  bubbling  through  a  liquid  phase  at  the  top  of  the 
column.  The  intensity  of  the  foam  was  greatest  at  the  bottom  of  the  bed  and 
became  less  and  less  as  the  gas  moved  up  the  column.  The  separation  of  gas 
from  the  liquid  in  the  gas-liquid  separator  (glass  cross  at  the  top  of  the 
column)  was  very  clean  with  no  signs  of  foaming  and  no  entrained  liquid 
carried  to  the  off-gas  dry  ice  traps.  The  resultant  holdup  in  the  column 
was  a  gas- liquid  mixture  (a  distribution  of  foam);  this  was  expected  to  vary 
as  the  gas  evolution  rate  varied.  This  was  shown  to  be  true  by  the  weights  of 
the  material  drained  from  the  reactor  at  the  end  of  the  run  and  by  the  "settling" 
of  the  upper  foam  level,  when  either  the  flow  rate  or  the  temperature  was 
reduced.  The  weights  of  the  material  drained  from  the  reactor  varied  be¬ 
tween  5  and  9  pounds.  It  was  encouraging  to  note  that  the  mathematical 
model  of  the  packed  bed  reactor  predicted  the  kind  of  foam  pattern  that  was 
observed  experimentally. 


The  downflow  run  (Ron  21)  was  divided  into  three  parts  in 
an  attempt  to  study  two  areas:  (1)  mechanism  of  gravity  vs  pressure  flow 
and  (2)  conversion  using  pressure  llow  vs  teed  rate.  The  resulting  gas- 
liquid  patterns  for  the  two  types  of  downflow  (gravity  vs  pressure  flow) 
were  as  follows.  In  tire  gravity  flow  a  liquid  head  resulted  and  there  was 
a  foam  intensity  pattern  again  from  tire  top  of  the  column  (mostly  liquid)  to 
the  bottom  (mostly  gas).  The  required  liquid  head  increased  as  the  tempera¬ 
ture  and  gas  evolution  rate  increased.  Only  a  small  fraction  of  the  off-gas 
vented  overhead,  with  the  top  vent  valve  open;  i .  e . ,  count ei current  to  the 
liquid  flow.  Most  of  the  gas  vented  from  the  bottom  of  the  reactor.  The 
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Basis 


for  2-In.  Diameter 


molten  product  dripped  through  the  inert  section  at  the  bottom  of  the  column.  i  J 

Mien  the  off-gas  line  at  the  top  of  the  bed  was  closed,  the  feed  pressure  ' 

increased  2-3  psig  (range  5  to  9  psig),  the  liquid  head  drained,  and,  as 

well  as  could  be  observed,  the  column  became  a  trickle  bed  reactor.  All  of 

the  off-gas  was  collected  and  vented  from  the  bottom  of  the  column.  When  the 

feed  rate  was  reduced  by  50%  (Run  21C),  the  system  remained  as  a  trickle 

bed  reactor. 


4  Calculated  Results 

Table  29  presents,  for  each  run,  the  total  and  component 
material  balances  and  calculated  yields  and  conversions.  Inspection  of 
this  table  reveals  erratic  and  inconsistent  results  for  the  yields  and  con¬ 
versions.  The  reason  for  the  inconsistencies  in  these  calculations  is 
that  the  material  balances  in  all  runs  but  Run  14  were  erratic. 


Operational  problems  also  contributed  losses  to  the  material 
balance.  In  the  earlier  runs,  a  plugged  off-gas  line  forced  much  of  the  off¬ 
gas  to  go  overhead  with  the  molten  product  where  it  volatilized  in  the  product 
container.  In  some  of  the  later  runs,  off-gas  losses  from  the  product  line 
were  again  experienced.  In  these  runs,  the  product  line  consistently  plugged 
because  of  the  use  of  high  melting  point  products  (nominal  507.  GN) .  To 
,-revent  this  plugging,  the  product  line  was  shortened  and  the  gas  seal  loop 
eliminated  so  that  the  amount  of  product  holdup  and  temperature  loss  in  this 
line  was  slight.  These  two  changes  prevented  complete  collection  of  the 
off-gas . 


The  analytical  procedures  used  in  the  product  and  feed  workup 
were  the  same  as  those  described  in  a  previous  section.  These  methods  were 
quite  adequate  for  most  of  the  feed  and  product  samples,  but  it  became  obvious, 
when  results  of  the  higher  conversion  runs  became  available,  that  some  ana¬ 
lytical  refinements  were  necessary.  Figures  41  and  42  present  product  closure 
(wt.  %)  as  a  function  of  product  composition  (AN  or  urea,).  The  product  closure 
appears  to  be  a  function  of  the  guanidine  nitrate  (GN)  or  urea  (U)  level  in 
the  product.  At  GN  levels  of  ~  557,,  the  closure  approaches  1087..  As  the  urea 
concentration  increases  from  0%  to  387.,  the  product  closure  decreases  from 
1077.  to  98%. 


There  are  valid  reasons  for  the  poor  material  balances.  The 
contributing  sources  of  error  were  the  operational  procedure,  the  system  hold¬ 
up,  system  losses,  and  the  feed  and  product  analyses.  The  operational  pro¬ 
cedure  was  to  heat  the  system,  pump  it  full,  adjust  conditions  until  steady 
state  operation  was  reached,  and  then  run  for  an  additional  1-2  residence  time 
units.  The  result  of  this  procedure  was  that  the  system  holdup  (one  volume) 
represented  a  large  portion  of  the  material  processed  through  the  system  in 
the  equilibrium  period  (one  to  two  volumes).  A  pulsation  in  the  system  holdup 
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TABLE  33 


CALCULATIONS  FOR  COLUMNAR  REACTOR 
Conversions  and  ilelds 


Basis:  1  hour 


Run  14 


IN: 

Wt. 

Compound 

% 

Lb 

Lb.  Moles  . 

Mole  Fraction 

AN 

57.1 

5.77 

0.0721 

0.5 

U 

42. S 

4.33 

0.0721 

0.5 

Total 

OUT: 

Product 

10.1 

0.1442 

1.0 

AN 

53.5 

4.580 

0.0573 

0.523 

U 

26.4 

2.260 

0.0376 

0.343 

GN 

20.9 

1.789 

0.0147 

0.134 

Volatiles 

.5 

0.043 

- 

- 

H^O  Insol. 
Total 

.5 

0.043 

- 

- 

8.56 

0.1096 

1.000 

Offgas  -  1.05  lbs  (0.0134  moles  AC) 


Material  Balances 


(1) 

(2) 


(3) 


In  (lb  ) 

Out  (lb  ) 

% 

Total  (per  hour) 

10.1 

9.61 

95.1 

Ammonium  Nitrate: 

As  AN 

5.77 

1.580 

As  GN 

- 

1.173 

Total 

5.77 

5.753 

99.7 

Ursa; 

As  U 

4.33 

2.260 

As  GN 

- 

0.880 

As  AC 

- 

0.841 

Total 

4.33 

3.981 

91.9 

Yields 


TABLE  33  (Continued) 


(1)  Based  on  AN  -  moles  GN  forned/moles  AN  consumed 

=  0.0147/0.0148  x  100  =  99.3% 

(2)  Based  on  Urea  =  moles  GN  formed/moles  U  consumed 

(actual) 

=  0.0147/0.0345  x  100  =  42.6% 

(3)  Based  on  Urea  =  actual  urea  yield  x  2  =  85.2% 
(theoretical) 

Conversion 

Based  on  Urea  -  moles  .urea  reacted/mole  urea  fed  x  100 
=  (. 0345/. 0721)  100  =*  47.8% 
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Figure  41.  Product  Closure  Vs  7.  Guanidine  Nitrate  in  Product  Continuous  Reactor 


Product  Closure  Vs  7.  Urea  in  Product  Continuous  Runs 


(mostly  foam)  greatly  changes  the  amount  of  product  collected  during  . ie 
equilibrium  period.  Since  the  operation  of  the  unit  was  constrained  by  an 
8  to  12  hour  operational  cycle,  it  w as  not  possible  to  operate  the  unit 
beyond  1  to  2  residence  time  units  on  a  routine  basis. 


The  resulting  total  weight  of  material  pumped  through  the 
column  in  most  of  the  runs  was  in  the  range  of  8  to  20  lb  (versus  a  system 
holdup  of  5  to  9  lb).  As  this  operation  was  a  continuous,  moltea-flcw, 
high-temperatuie  gas-liquid  system,  the  :e  were  unavoidable  spills  and  vapor 
losses.  The  relative  weight  effect  ot  these  losses  to  trie  total  material 
weight  was  significant. 


Run  14  was  made  as  a  material  balance  run,  and  conditions 
were  chosen  to  minimize  the  above  error  sources.  Fresh  feed  was  charged 
to  the  feed  tank,  melted  and  used  immed lately.  A  high  feed  rate  was  used, 
and  the  unit  was  operated  for  ~  3  reside, ice  time  units.  A  total  of  about 
30  pounds  of  feed  was  pumped  through  the  system.  Reaction  conditions  were 
chosen  so  that  a  product  containing  about  207.  GN  would  result.  This  product 
had  a  melting  point  which  was  easily  ha  .died  in  the  product-gas  line. 

Product  with  this  GN  concentration  would  be  expected  to  have  a  product 
closure  close  to  1007.,  predicts  1  from  Figure  41. 


The  results  of  Ru  14,  with  a  product  containing  20.9 
wt.  %  GN,  were  a  total  weight  tutorial  balance  of  95.17.  and  component  materif  1 
balances  of  99.7%  for  AN  and  91.9%  for  urea.  The  urea  yield  was  calculattd 
to  be  85.27.,  and  the  ammoniuai  nitrate  yield  was  100%.  These  numbers  are 
quite  consistent  with  the  values  resulting  from  the  laboratory  stirred  reactor 
experiments.  Calculations  fm  Run  14  are  shown  in  Table  33. 


5  Catalyst  Performance  -  itoudry  Beads 

Macroporoes  silica  beads  (4  mm  dia.)  were  used  as  the  cata¬ 
lyst  for  all  of  the  runs.  The  catalyst  bed  was  changed  three  times  during 
the  series  of  runs. 

Description 


Change  Bed  Changed  Cumulative  Hours  at  of  Removed  Catalyst 


N°. 

After  Run  No. 

Temperature 

Color 

Form 

1 

4 

7.2 

Black 

Or  ig  ina  1 

z 

11 

19.0 

Wh  ite 

Origina  1 

3 

20 

2 2 .  t> 

White 

Reduced  in 

s  ize 
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The  differences  in  recovered  catalyst  from  the  three  bed 
changes  were  a  result  of  the  bed  having  been  subjected  to  differed  condi¬ 
tions.  Bed  No,  1  picked  up  color  but  the  beads  retained  their  original 
shapes.  It  is  theorized  that  the  color  was  picked  up  from  impurities  left 
in  the  feed  tank  and  feed  lines  even  though  the  system  was  flushed  thor¬ 
oughly  before  startup.  Catalyst  beads  in  Bed  No.  2  retained  both  their 
original  shape  and  color.  Recovered  Bed  No.  3  included  about  5%  of  the 
beads  with  their  original  shape  hut  the  majority  was  finely  divided  silica. 
The  reason  for  the  reduction  in  catalyst  particle  size  could  have  been  one 
o  f  tha  f o 1 low ing : 


(a)  Effect  of  high  GN  content  and  insufficient  flushing 
when  reactor  was  shut  down. 

(b)  Water  cleanout. 


During  Run  17,  the  pressure  diop  through  the.  bed  reached  a 
high  of  35-40  psig  in  the  first  run  in  the  series.  It  appeared  as  if  it 
would  be  necessary  to  change  beds  at  that  point.  It  was  decidea  to  explore 
the  possibility  of  flushing  the  bed  with  hot  water  to  see  if  the  pressure 
would  decrease.  It  was  theorized  at  chat  time  that  the  higher  pressure  was 
being  cau3ed  by  a  buildup  of  GN  in  the  system  and  perhaps  it  could  be  dis¬ 
solved  out.  After  one  hour  of  flushing  at  210-?00oF  with  tap  water,  the 
system  pressure  had  dropped  to  10  psig  and  clear  water  was  overflowing  from 
the  column  (at  reduced  temperature)  at  a  rate  of  ~  1.5  gallon/hour.  Runs  IB, 
19,  and  20  followed  this  flushing,  but  by  the  end  of  Run  20,  the  system  pres¬ 
sure  reached  >  30  psig. 


Contacting  fresh  Hcudry  Beads  with  water  at  room  temperature 
did  not  change  their  physical  size,  but  water  close  to  steam  temperature 
might  have  an  effect.  The  other  possibility  for  decrepitation  was  a  gradual 
physical  breakdown  of  the  catalyst  with  time.  It  seems  unlikely  that  this 
was  the  primary  reason  for  the  size  reduction  of  Bed  No,  3  since  Bed  No.  2 
was  used  only  four  hours  less  and  survived  with  minimal  catalyst  breakage. 
Based  on  the  short  runs  made  in  the  2- inch-diameter  columnar  reactor,  a 
I  ong  Houdry  Bead  physical  life  could  be  expected,  barring  unusual  updating 
problems.  Grace  grade  40  silica  gel  decrepitated  readily  wnen  contacted 
with  water.  This  latter  material  would  not  be  expected  to  retain  its  physical 
characteristics  in  prolonged  tubular  reactor  opera*,  ions.  Originally  a  run 
had  been  planned  using  Grace  40  silica  gel  as  the  catalyst.  Because  of  time 
limitations  and  because  laboratory  work  had  demonstrated  the  kinetic  simi¬ 
larity  between  Houdry  silica  beads  and  silica  ge 1 ,  it  was  elected  to  eliminate 
the  Grace  grade  40  run  from  the  program. 
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The  chemical  catalyst  life  of  the  Houdry  beads  should  be 
comparable  to  that  of  the  silica  gel  since  they  are  both  >  99%  SiC>2*  MacKay 
had  used  the  silica  gel  for  ~  80  hours  and  encountered  only  physical  reduc¬ 
tion  problems,  so  it  is  predicted  that  the  macroporous  silica  beads  will 
last  as  long  as  or  longer  than  silica  gel  without  physical  attrition*  More 
detailed  discussions  on  catalyst  behavior  in  a  tubular  reactor  are  presented 
in  the  Phase  III  section. 


6  Production  Rate  and  Mass  Transfer 

The  guanidine  nitrate  production  rate  in  the  bench-scale 
unit  at  a  given  temperature  and  feed  ratio  was  not  too  dependent  upon  feed 
rate.  Runs  5.  7,  9,  and  11,  with  a  25-inch  bed  and  382°F  skin  temperature, 
averaged  1  lb  GN/hr  although  the  ratio  of  the  feed  rates  varied  by  a  factor 
of  two.  Runs  12,  13,  and  14  with  a  48- inch  bed  and  378°F  skin  temperature 
averaged  i.5  ]b  GN/hour  although  the  ratio  of  the  feed  rates  varied  by  a 
factor  of  three.  These  data  suggest  that  with  these  operating  conditions, 
the  unit  was  nor  in  an  a; ea  oi  mass  transfer  limitation.  If  it  had  been, 
then  at  the  higher  feed  rates  there  would  have  been  less  GN  formed  because 
the  fJ  -w  rate  of  reactants  from  the  bulk  to  the  catalyst  site  would  have  been 
a  sign . ficant  factor  in  the  reaction  rate  expression. 


A  sc!  of  runs  was  made  to  explore  the  possibility  of  mass 
transfer  importance.  Rut.  7  was  made  at  a  25-  inch  bed  height  and  a  feed 
rate  of  5.4  lb/hour.  Run  14  was  made  at  a  48- inch  bed  height  and  a  feed  rate 
of  10,1  lb/hour.  The  residence  times  in  the  catalyst  bed  in  both  eases  were 
:.i:  ,  h  e  the-  1  iquid/gus  flow  rate  through  the  bed  in  Run  14  was  almost 
doable  that  of  Run  7,  Tin  resultant  product  formed  in  both  cases  was 
—  2d. 5%  GN.  indicating  that  the  time  required  for  the  reactants  to  move  from 
•  he  .  Ik  liquid  t  the  catalyst  site  (mass  transfer  time)  was  insignificant 
in  *  to-  overall  u  t  ion  rare. 


T.V*ui*  1  i  rut  the  Ned  '.ngth  did  not  double  the  GN  production 
S  •  tea  re., tied  ,»!><>. Mr;  in  foe  2-  ineh-d  i.imetcr  bench- scale  reactor. 

i  ts  we.!  with  theory  -■  mce  tin  major  part  of  the  reaction  takes 
U.  'in  ,.>•»!  .  .i.lit'-  •  I  I  he  bed .  Without  intermittent  iresh  feed, 

,c  rett.i  nlu  1  sect  :  •  :  i  >1  bed  contributes  ,.  traction  less  GN  to  the  pro¬ 
to.  i:  !  he  pi  o v  ,  His  bed  increment  . 

7  WO,  let  _!  -In'-lrs 

■  i  hi.  > :  at- i  es  /(ON  ratio,  which  gives  an  ind  icac  it-  >  of  cieanl 
r  i.ir. ,  .  ,  r --d  1  >  \  :  i  at  is  .  q  r  There  appeared  to  be  a  trend  of 

-Mi  i  •;»  w  .  t  -  r  on  pei  .  t  of  arru  urea  coin  duration.  This  judgment 

•  -  i  data,  but  it  :  iis  well  '  ith  tie  other  references  on  the 
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process.  The  product  melt  from  the  reactor  during  Run  20  was  crystal  clear, 
whereas  the  products  from  other  runs  were  at  times  milky  in  appearance.  A 
test  tube  experiment  revealed  that  the  water  insolubles  were  soluble  in  the 
product  melt  at  170°C  at  levels  of  ~  0.2%  but  not  at  levels  of  0.8%.  The 
level  of  water  insolubles  (0.15%)  that  produced  a  clear  melt  produced  a 
very  turbid,  hot  water  solution.  The  fact  that  the  water  insolubles  could 
be  dissolved  in  the  melt  at  a  low  level  was  encouraging  since  a  buildup  of 
insolubles  on  the  catalyst  bed  could  be  minimized  by  proper  selection  of 
reaction  conditions. 


Insolubles  lavels  of  0. 5-2.0%  in  a  commercial  size  plant 
represent  about  one  ton/day  of  disposable  by-products.  This  is  of  sufficient 
quantity  that  the  economics  of  removing  and  disposing  of  these  solids  will 
have  to  be  weighed  against  the  economics  of  reducing  their  level  by  eh  Jng 
reactor  operating  conditions.  One  of  the  ways  the  level  of  insolubles  could 
be  reduced,  if  the  economics  of  insolubles  recovery  warrant,  is  to  use  a 
staged  reactor  with  intermittent  urea  feed.  This  would  require  a  more  expensive 
reactor  system,  but  the  other  equipment  in  the  process  would  stay  at  the  opti¬ 
mum  economic  level  based  on  an  AN/U  feed  ratio  of  1/1. 


8  Product:  Color 

As  noted  above,  the  product  at  different  water  insolubles 
levels  has  either  a  clear  or  a  milky  appearance.  There  was  also  a  variance 
in  color  of  the  product.  The  product  was  normally  white  or  tan,  but  during 
Runs  1  through  4  and  in  Run  18,  the  product  was  coffee-colored.  It  is  theor¬ 
ized  that  this  color  was  caused  by  metal  salts  contan  nation.  In  Runs  1 
through  4,  the  system  evidently  was  being  cleaned  out  by  the  feed.  This  was 
evidenced  by  a  visible  change  in  catalyst  color.  In  contrast,  the  recovered 
catalyst  was  always  white  in  runs  after  Run  4.  Before  Run  18,  the  bed  was 
flushed  with  tap  water  for  about  ore  hour.  The  impurities  in  the  water 
evidently  hung  up  in  the  system  (probably  on  the  catalyst,  which  is  also 
used  as  a  catalyst  support  for  metal  salts).  The  first  product  from  Run  18 
was  again  cof fee-colored ,  but  as  the  run  proceeded  the  product  became  pro¬ 
gressively  lighter. 

The  product  from  the  runs  using  the  stainless  steel  reactor 
ami  the  product  from  Run  21  using  the  glass  react  !’'  shewed  no  difference  in 
co 1  or  . 

9  Off-gas 

The  off-gas  from  Lite  reactor  passed  through  a  dry  ice  trap 
and  then  to  a  liquid  volume  displacement  bubbler.  At  no  rime  during  any 
of  the  runs  did  any  gas  accumulate  in  the  liquid  trap.  There  were  no  signs 


of  nitrogen  oxides  in  any  of  the  runs  (in  the  stainless  steel  or  glass  reactor) 
as  mentioned  by  the  British  investigators.  If  they  did  indeed  find  this  gas, 
it  is  most  likely  that  it  came  from  overheating  and  decomposition  of  the 
ammonium  nitrate  in  the  feed  system.  A  sample  of  the  off-gas  trap  contents 
was  analyzed  for  %  volatiles  at  70°C  (99.85%),  alkalinity  as  NH3  (39.9%),  and 
carbonate  as  CO2  (59.0%).  The  latter  two  analyses  are  not  free  of  interfer¬ 
ence  so  they  are  not  completely  accurate,  but  the  finding  checks  well  with 
this  material  being  ammonium  carbamate  (56.2%  CO2  and  43.8%  NH3) . 


10.  Packed-Bed  Reactor  Operation 

When  the  original  preheater  was  found  to  be  insufficient, 
a  second  preheater  was  installed  and  the  bottom  of  the  catalyst  bed  was  raised 
into  the  reactor  jacketed  section  by  placement  of  stainless  steel  balls  on 
the  support  screen.  After  the  equipment  and  start-up  problems  were  resolved, 
the  bench  scale  unit  was  shown  to  be  capable  of  operating  smoothly.  There 
were,  however,  sets  of  operating  conditions  at  which  it  was  difficult  to 
operate  the  unit.  Primarily,  these  were  conditions  in  which  the  equipment 
was  operated  close  to  its  design  limits.  Most  of  the  problems  had  to  do  with 
the  feed  pump  and  the  heat  control  of  the  feed  and  product  lines;  many  of 
the  problems  were  caused  by  limited  heat  control  (30  psig  steam  tracings) 
on  the  small  feed,  product  and  auxiliary  lines.  When  runs  at  very  low  feed 
rates  were  attempted,  these  extreme  problems  become  apparent.  At  190°C  and 
a  feed  rate  below  4-5  lb/hour  (l/l  AN/U  feed),  the  conversion  increased  to 
the  point  where  the  melting  point  of  the  product  was  high  enough  (m.p.  =  145°C 
at  40%  GN)  to  promote  plugging  of  the  product  line.  Not  only  was  the  product 
melting  point  high,  but  the  transportation  lag  through  the  product  leg  was 
long.  There  were  occasional  feed  line  plugging  problems  either  at  the  reactor- 
bottom  tee  or  bed  support  as  a  result  of  low  flow  rates  or  AN/U  feed  ratios 
greater  than  2/1.  The  off-gas  lines  in  the  earlier  runs  plugged  often  until 
the  lines  were  more  completely  steam  traced.  By  the  end  of  the  sixth  run, 
it  was  standard  shutdown  procedure  to  blow  out  all  of  the  feed,  pump,  product 
and  off-gas  lines  with  steam.  This  step  greatly  reduced  subsequent  start-up 
problems  due  to  plugging. 

The  oil  system  and  the  melt  tank  system  operated  smoothly 
after  the  start- up  problems  were  solved.  The  feed  puirp  operated  adequately 
in  that  it  gave  accurate  rates  at  constant  conditions.  It  was  found,  however, 
that  its  output  was  a  function  of  downstream  pressure.  The  feed  rate  had  to 
be  determined  by  measuring  the  weight  and  volumetric  rates  at  0  psig  before 
filling  the  system  and  then  periodically  checking  the  volumetric  rate  during 
operctlon .  The  volumetric  rate  was  determined  by  measuring  tire  Lime  for  the 
feed  Level  to  drop  5  incne«  in  the  feed  tank  calibrated  sightglass.  This 
procedure  turned  out  to  be  fairly  accurate,  but  it  was  difficult  to  achieve 
the  desired  feed  rate  accurately  because  the  resultant  steady-state  pressure 
level  was  not  known  until  equilibrium  was  reached.  Periodically,  there  were 
other  small  operational  problems,  but  none  of  these  were  cons ide  d  atypical 
(faulty  thermocouples,  etc.). 
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5 .  Part  4  -  Economic  Evaluation 
a .  Approach 

Economic  dimensions  were  placed  on  the  parameters  involved  in 
the  proposed  GN  (guanidine  nitrate)  production  to  show  the  effect  of  eco¬ 
nomics  on  the  engineering  alternatives.  Changes  in  parameters  cause 
changes  mainly  in  utilities,  depreciation,  and,  in  some  instances,  raw 
materials.  Manpower  changes  are  either  zero  or  small, 


To  fully  indicate  the  engineering  effect  of  parameter  change, 
the  indicator  used  was  an  industrial  accounting  system  in  which  the  mill 
cost  includes,  in  addition  to  labor  and  raw  materials,  the  cost  for  de¬ 
preciation  and  utilities  at  a  smaller  overhead  reflecting  only  the  fringe 
benefits  for  labor.  In  addition  to  giving  full  weight  to  the  differences 
ir  the  alternative  engineering  step,  toe  GN  transfer  price  which  contains 
a  value  equal  to  30%  of  T.O.A.*  was  used  as  a  criterion.  This  transfer 
price  over  the  mi1!  cost  could  be  referred  to  as  the  debt  service  which 
reflects  amortization  and  interest  terms.  In  addition,  G6A  costs**  are 
contained  in  the  transfer  price.  Since  nil  cost  terms  in  such  a  price  are 
given  their  full  value  and  weight,  the  turves  based  on  these  values  show¬ 
ing  parameter  charges  are  sharper  than  when  based  on  mill  cost  values  only. 
The  conclusions  reached  are  the  same  and  are  valid  since  all  are  on  the 
same  basis.  A  more  accurate  calculation  of  GN  manufacturing  costs  .,nd 
capital  requirements  rightly  awaits  the  pilot  plant  operation  and  design 
phase  of  the  study. 


It  Is  recognized  that  the  United  States  Government  does  not 
maintain  its  accounting  system  on  the  same  basis  as  an  industrial  concern. 
In  a  Government  accounting  system,  a  mill  cost  includes  raw  material 
costs,  labor  plus  overheads,  maintenance  and  repair  labor,  utilities  and 
packaging;  does  not  include  insurance,  taxes,  depreciation  and  profit. 
Since  manpower,  raw  material  requirements,  etc.,  alone  cannot  adequately 
indicate  the  changes  in  the  process  engineering  system  at  hand,  it  was 
elected  not  to  use  this  accounting  system  as  the  primary  indicator  for 
parameter  incremental  differences  but  rather  the  one  earlier  referred  to 
for  the  computer  model  and  computer  calculation.  For  each  economic  case 
study  discussed  further  in  this  report,  the  mill  and  b/i  return  costs  by 
Government  accounting  technique  were  determined  and  included  in  a  summary 
table. 


*  T  .0  .A .  »  Total  operating  assets  which  includes  plant  investment,  allo¬ 
cated  investment  from  existing  facilities,  and  working  capital. 

**G&A  “  General  .nd  Administration,  an  overhead  cost  due  to  general 

direction  of  a  company  above  the  plant  level.  Generally  in¬ 
cludes  top  management  salaries,  legal,  central  part  basing,  and 
engineering  not  chargeable  to  new  1  ire  a  .  ,.p  • »  a  1  .  trail  ic,  and 
account,  ing  ,  etc  . 
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The  latter  0%  return  cost  does  not  include  a  corporate  allo¬ 
cation  but  does  include  working  capital  and  indirects. 


The  parameters  considered  in  the  economic  evaluation  included 
the  following:  (1)  plant  production  capacities,  (2)  by-product  credit 
value,  (3)  price  of  urea,  (4)  yields  based  on  urea,  (5)  AN/U  ratio,  (6) 
melt  crystallization  workup  of  crude  GN  versus  aqueous  workup,  and  (7) 
tubular  reactor  versus  an  agitated  kettle  reactor. 


Continuous  operation  with  recycle,  and  Claes  2  operation  were 
else  assumed.  Figure  43  shews  the  flow  sheet  for  the  process  using  tubu¬ 
lar  reactors,  and  a  melt  crystallization  with  water  recrystallization  of 
the  crude  GN.  Figure  44  has  an  alternative  workup.  The  melt  crystalliza¬ 
tion  step  is  replaced  with  only  an  aqueous  crystallization  step.  All 
equipment  was  assumed  to  be  304  stainlesB  stsel  wit’-,  aluminum  storage  ves¬ 
sels  for  the  urea  and  ammonium  nitrate  ingredients. 


b.  Process 

Case  100,  Figure  45,  was  the  basic  case  for  a  40-million  pound 
per  year  plant  with  packed-bed  reactors.  The  process  is  based  on  use  of  a 
190°C  reaction  temperature,  houdry  macroporous  silica  beads,  and  a  1-hour  resi¬ 
dence  time.  Ammonium  nitrate  is  fed  to  a  melt  tank  where  part  of  the  required 
urea  is  mixed  with  it.  The  ammonium  nitrate/urea/catalyst  mole  ratio  is  2/2/1. 7 
After  the  feed  has  been  filtered,  it  is  mixed  with  i;he  recycle  stream  and 
pumped  to  the  reactors  via  a  h?at  exchange  (R-l).  Following  the  reaction, 
the  liquid  phase  is  separated  from  the  gas  phase,  and  pumped  to  a  mix 
tank  (T-l)  where  sufficient  urea  is  added  to  give  the  eutectic  mixture  of 
477.  urea,  53%  ammonium  nitrate.  The  GN  is  purified  by  a  melt  crystalliza¬ 
tion  followed  by  an  aqueous  recrystal lization.  Most  of  the  water  in  the 
mother  liquor  stream  from  the  centrifuge  (C-2)  is  removed  in  an  evaporator 
before  recycle.  The  GN  product  is  dried  in  a  rotary  drier. 

Ofi-gaa,  NH  and  Ci>2 ,  is  transferred  to  a  recovery  plant 
either  for  conversion  to  iron  for  recycle,  or  for  conversion  to  NH4NO3  for 
external  use.  Since  the  off-gas  is  hot  gaseous  NH3  and  C(>>  and  not  am¬ 
monium  carbamate,  it  can  be  piped  to  the  recovery  plant  without  further 
treatment.  Ammonium  carbamate  does  not  exist  at  the  operating  pressure 
and  temperature  of  the  reactor. 


The  yield  for  this  case  bused  on  urea  is  80%  at  a  64.5%  con¬ 
version.  The  ammonium  nitrate  yield  is  100%  at  32'%  conversion.  Figure  45 
gives  the  material  balance  for  this  case. 
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Guanidine  Nitrate  Production  (Melt  Workup) 


Guanidine  Nitrate  Production  (Aqueous  Workup) 


c.  Cost  Sheet 


Table  34  for  case  100  gives  the  cost  items  included  for  each 
case  investigated.  The  other  cases  investigated  appear  in  Appendix  1-5. 
Each  ^tem  that  enters  into  the  mill  cost  and  the  sensitivity  of  auch 
items  are  Included.  The  lower  the  sensitivity  index  or  number,  the 
greater  is  the  effect  that  the  item  has  on  the  cost.  For  example,  in  Case 
100,  the  plant  investment  and  the  urea  most  affect  cost.  For  each  127. 
change  in  either  the  urea  price  or  the  quantity  of  urea  required,  the  re¬ 
turn  on  T.O.A.  is  changed  27..  In  this  manner,  the  items  primarily  con¬ 
cerned  in  the  product  economics  are  easily  discernible. 


d .  Effect  of  Plant  Capacity 

The  basic  case  was  calculated  at  40  million  pounds  per  year. 
This  was  then  scaled  up  to  80  million  pounds  and  down  to  20  million  pounds. 
The  scale-up  is  partly  based  on  engineering  judgment  of  consequences  of 
equipment  size  changes  and  partly  on  equipment  price  volume  using  the  0.6 
factor  relationship. 


Cases  100,  101  and  102  plotted  in  Figure  46  show  cost  changes 
with  respect  to  plant  capacity  increases.  The  transfer  price  of  GN  drops 
177.  as  the  capacity  increcses  from  20  million  to  40  million  pounds  per 
year  ar.d  147.  as  the  capacity  doubles  again  to  80  million  pounds  per  year. 
The  cost  advantage  of  large-scale  operation  appears  to  be  leveling  off  at 
a  70  million  to  90  million  pounds  per  year  plant  size. 


e .  Py-Product  Cred  t 

The  by-product  ammonium  carbamate  (AC)  has  been  assigned  a 
by-product  credit  of  0^/lb  in  the  basic  case.  The  true  value  of  tills 
by-product  ie  dependent  on  its  final  disposition.  Based  on  Hercules' 
background  in  urea  and  ammonium  nitrate  manufacture  and  technology, 
and  on  aeiected  data  reported  in  the  literature,  it  is  predicted  that  the 
actual  ammonium  carbamate  credit  value  will  be  in  the  range  of  0  -  3^/lb 
AC.  By  assigning  the  minimum  credit  value  in  the  basic  case,  the  most 
conservative  mill  cost  results. 


It  is  expected  that  the  maximum  credit  value  (3c/lb  AC)  can  be 
obtained  if  an  adjoining  urea  plant  (capacity  3  urea  requirement  for  the 
GN  plant  of  interest)  is  built.  This  prediction  is  based  on  a  cost  esti¬ 
mate,  made  in  1968  by  Hercules,  which  assumed  a  low- tonnage  urea  plant 
using  the  Chemico  low-ratio  process.  The  capital  cosi  of  the  urea  plant 
would  be  about  $1.3  million  (based  on  a  ^resent  ENR  index  ol  1498)  and  its 
effect  on  the  GN  process  would  be  to  reduce  the  mill  oust  by  l,8<p/lb  GN, 
exclusive  of  royalties  (0.6  lb  AC  tormed/lb  GN  X  3c/lb  AC  value  -  1.8c/lb 
GN). 


14v 


TABLE  34 


COST  STUDY  -  GUANIDINF  N  I  TR AT F 
CASE  NO.  IOO 


Basic  Cafe 

Basiss  Cont.  Process 

AN/U/Cat.  =  2/2/1. 7 
Yld.  on  U  =  80%  Corw.  on  U  =  64.6% 
Yld.  on  AN  =  100%  Cony.  on  AN  =  32% 


•PRODUCTION  COOTS 


FL4NT  CAPACITY  40.0  MM  LB/YR  '  » SKNS  \  Y  t  V  .l  T  Y 


pc  r 

Gcv’t 

UNITS 

RATF/UNI r 

L I K FLY 

CHANGE 

Acctg 

INVESTMENT  (MM  $) 

BATTERY  LIMIT 

4.22 

OFFS I TF  AND  ALLi  GATED  AUX. 

1-00 

1.00 

TOTAL  (MM  %) 

6  .  > 

1  1 

'"ST  22 

PROCESSING  COST  (CENTG/LB) 

DEPRECIATION 

1  T  .  0 

PCT  1 MUS ! 

1  .  AO 

(2) 

- 

MM  AND  RL 

•5  .0 

put  inust 

•  AS 

.33 

OPERATING  LABOR  IP. 00  MEN 

8600  •  0 

$  /  M  A  N  -  Y  “ 

.)  A 

1  80 

.26 

CHEMICAL  CONTROL  4-00  rtFN 

1 0000 .0 

i /MAN” Yu 

•  l  0 

4  /  1 

.10 

S  UPEHU I S I ON  4.00  MFN 

i Bono  .o 

f  /  /.  A  N  -  Y  • ' 

.  1  •> 

:ao'-’ 

.12 

ELECTRICITY  .00  KWH/LB 

1  .0 

CN  1  /  K  a'H 

.  on 

°  7  4 

.20 

STEAM  4.00  LB  /LB 

7  6.0 

CNT/M.  L'T 

.  <0 

!  06 

.30 

wATFR  10.00  GAL/LB 

10.0 

C  NT /.'.CAL 

.10 

6>  AH 

.10 

FUEL  .01  GAL/LH 

7.0 

CN ’ /  SAL 

.  1  0 

V>u 

.  10 

TOTAL  (CENTS /LB) 

o .  i  a 

1.51 

RAW  MATFRIAL  COST  (CFNTS/L0> 

UREA  J.P.VOOo  LL/LL 

/I 

.  0  0  CN  1  /LB 

'•  .  1  A 

1  '■> 

4.93 

AMMONIUM  NtTRATF  .A*6<1"  LB/!.1' 

A 

.  r.  )  CN  1/L' 

1  •  .1  R 

A  6 

1 .  b4 

CATALYST  .OOiOf’  L>>/L  a 

TOTAL  ( CFNTS/LH  > 

!  60 

.00  C.VT/LB 

•  1  6 
A  .  7  • ' 

UA.’i 

.  15 
~7 T7T 

FLAN  T  OVERHEAD  (CENTS /LB) 

.  ’  / 

.27 

TOTAL  MILL  COST  (CENTS/LB)  FX  BY -P'»ODI!C  1  i 

i>F  111  16 

1.1  •> 

8.50 

HY-PROPUCT  CREDIT  ( CENTS /LH  > 

AMMONIUM  CAR13AMATE  .60000  LH/L  l 

.00  C.\  1  /L‘< 

.00 

.00 

TOTAL  (CENTS/LB) 

.00 

TOTAL  MILL  COST  (CENTS/LB)  INC  Hy-u 

Hi  0  MIC  I  1 

'R .  U!  1  6 

10.10 

8.50 

Indlre  cts 

1.78 

•  10  YEAR  PLANT  LIEF,  EXISTING  SI 

1  F 

!  rice 

0%  return 

10.28^/lb 

15  PC T  INDIRECT 

•*  PERCENT  CHANGE  NEEDED  TO  AFFECT 

HC  TURN 

by  '*  Pr  *M- 

h  |  A  i  *»  h  1 

RU  M  0 

^  Based  or\  total 
operating  aeaetit 

^  50%  la  maintenance 
material. 


RETURN  CALCULATIONS 

»*<  '*■ 

M  ■■ 
MM 
<1 


PLAN  I  INVES1  i  '»•" 

CUSP  ALLOC  i 

WORKING  cap  i  .n 

TOT  OP  ASSF.TS  *  6.H 


130 


PRICE  UDi  0  PCI  HI  TURN  11  •  R  CFNTS/LH  (1) 

PRICE  OH  20  PC  T  R  !•  1'URN  IS. 4  CENTS/LH 

PR1CF  FOR  30  PC T  RETURN  17.P  CKNTS/l.B 


i 


If 

v>< .  . 

21 

20 

19 

< 


o 


tr 


$ 


K  ,/■ 

'xh- 

Hi 

Vj 


t/L 
^  : 
2*3  ■ 

Li 

3- 


Basis;  Basic  Cases  (Nos.  100,  101,  102) 
Cent.  Proc. 

AN/U/Cat.  =  2/2/ 1.7 

Yld.  on  U  =  80%;  U  Conv.  =  64.5% 


a 


o  To  zo  ?o  40  %)  6o  ?v  oo  yo  ZOO 

PxpoucTiGN  CA°ACtrv  NMld/y/t 


1M 


Figure  46.  Effect  ot  Plant  Capacity  on  Costs 


The  minimum  zero  credit  value  represents  situations  in  which 
the  ammonium  carbamate  is  sold  to  off-site  urea  or  ammonium  nitrate  manu¬ 
facturers  or  disposed  of  on-plant  for  ecology  reasons.  The  former  case 
is  assigned  a  value  of  zero  because  AC  does  not  have  an  established  trans¬ 
fer  price.  The  latter  situation  is  a  remote  alternative  which  could  be¬ 
come  necessary  if  the  material  cannot  be  handled  in  any  other  manner. 


There  are  a  number  of  alternative  dispositions  for  the  am¬ 
monium  carbamate  which  should  result  in  credit  values  intermediate  to 
those  above.  One  of  these  is  the  use  of  the  NH3  (43.67*)  portion  of  the 
ammonium  carbamate  for  the  production  of  ammonium  nitrate.  The  additional 
plant  investment  to  recover  the  KR3  as  NH4NO3  would  be  small.  The  result¬ 
ing  credit  is  estimated  at  lc/lb  NH3  or  0.25yL/lb  GN  based  on  the  formation 
of  0.25  lb  NHj/lb  GN.  A  second  intermediate  credit  disposition  method  for 
the  AC  is  the  utilization  of  a  less  efficient  urea  plant.  There  are  numer- 
oui  processes  for  urea  manufacture.  The  resulting  mill  cost  of  the  urea 
from  these  processes  is  a  function  of  the  capital  investment  and  tonnage. 
The  basic  urea  reaction  scheme  is  simple  and  well  known  but  has  a  low  con¬ 
version  per  pass  (~  507.),  The  differences  between  the  various  urea  pro¬ 
cesses  involve  the  recycling  of  the  unconverted  gases.  Recycling  improves 
yield  but  also  increasesinvestment  costs.  The  once-through  process  has  no 
gas  recycle  and  a  low  yield.  It  involves  simultaneous  compression  of  NH3 
and  C02  (molar  ratio  of  2/1  or  greater  to  2500-3000  psig)  and  contact  at 
elevated  temperature  (-w  350°F)  in  a  reactor.  This  is  followed  by  a  pres¬ 
sure  reduction  through  a  let-down  valve,  decomposition  of  unconverted  AC 
by  passage  thru  ,h  a  heat  decomposer  (Tout  c  140°F) ,  and  then  gas-liquid 
separation.  In  the  high-pressure  urea  synthesis  reactor,  the  gases  are 
converted  to  ammonium  carbamate,  which  in  turn  dehydrates  at  reaction  con¬ 
ditions  to  urea  and  water.  The  liquid  from  the  gas-liquid  separator  is  an 
807.  urea  solution. 


As  the  preceding  discussion  points  out,  the  credit  that  can 
be  assigned  to  AC  is  wholly  dependent  on  the  additional  capital  investment 
required  for  recovery.  Since  this  was  not  defined  at  this  point  In  the 
program,  it  was  elected  to  apply  a  zero  AC  credit  for  the  basic  economic 
analysis.  This  is  constant  for  all  parameter  cases  except  chose  specifi¬ 
cally  directed  toward  evaluating  the  eifect  of  by-product,  credit:  (Cases 
810,  820,  830).  Figure  47  shows  the  effect  of  such  by-product  credit  on 
the  value  of  GN.  For  each  1«  credit  for  ammonium  carbamate,  by-product,  the 
mill  cost  decreases  0.6//lb  GN  and  the  ti angler  pi  ice  at  307.  of  T.O.A. 
decrease  i  0,b^/lb  of  GN,  The  net  range  (cost  of  recovery  minus  value)  of 
the  by-prodtn  t  value  probably  Lies  between  0,)/  and  1.5// lb  o 1  ammonium 
c a rbamo t e . 


f.  Effect  of  Urea  Price 


t  s 


The  price  oi  urea  used  here  (vC/l'<  deli  ve  1  o.d) 


"10 


1  1  e 


Basis:  Cont.  Process.  40  MM  Ib./yr. 

AN/U/Cat  ■  2/2/1 .? 

U  Yld.  -  80%  U  Conv.  *  64.5% 

AN  Yld.  *  100%  AN  Conv.  =  32% 

Cases:  100,  810,  820,  830 


*  Based  on  industrial  accounting  with  transfer 
price  at  30%  on  T.O.A. 
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of  commercial  grade  urea  obtained  by  the  Hercules'  purchasing  department. 

It  is  not  necessarily  the  price  that  a  GN  producer  will  pay  for  his  urea. 
Final  urea  (as  well  as  ammonium  nitrate)  prices  are  dependent  upon  con¬ 
tracts  for  large  volumes  and  will  have  to  be  determined  at  a  later  stage 
when  the  design  of  the  plant  has  begun.  To  indicate  the  effect  of  urea 
coots  on  the  GN  prices.  Cases  910  and  920  were  calculated  and  plotted  in 
Figure  48.  Both  GN  mill  cost  and  transfer  price  are  a  linear  function  of 
the  urea  price.  For  ’ach  ly'  decrease  in  the  urea  price,  the  GN  mill  cost 
decreases  1.23c/lb  and  the  GN  transfer  price  based  on  30%  of  T.O.A.  decreases 
1 . 5<f/lb . 


g .  Effect  of  Urea  Yield  on  Costs 


The  mole  ratio  of  AN/u/catalyst  used  is  2/2/1. 7.  The  ratio 
of  the  two  reactants  to  the  catalyst  is  fixed  for  a  plug  flow  reactor 
since  the  catalyst  must  be  wet  and  excess  liquid  is  not  in  contact  with  the 
catalyst.  Under  these  conditions,  the  urea  yield  can  be  increased  for  a 
particular  catalyst  only  by  increasing  the  length  of  the  reaction  time, 
which  means  increasing  the  reactor  size.  The  tradeoff  is  the  saving  of 
raw  material  versus  greater  investment.  Table  35  summarizes  increased 
urea  yields  obtained  by  increasing  the  reaction  time. 


TABLE  35 


EFFECT  OF  UREA  YIELD  ON  COSTS 
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5.8 

220 

88 

98 

3 

10. 

5 

19. 

0 

6 . 6 

^Transfer  price 

at  30% 

on  T 

„  0.  A. 

PI 

o  1 1  i  n  g  t 

he  si- 

values  in 

Fi 

mu’  4 

4  i  ml  i 

cates 

;  tl 

hat  the  most' 

e c  i  >  n om i c  a  1  ope r 

a  t i on  i  s 

ob  t 

.•lined  tiy  op 

e  r 

a '  i  on 

h  i  seal 

on  i 

Id 

mm  t  re  s  t  •• 

dene  i 

e  time  at  a 

lower  n 

tea 

yield  (80% 

ht* 

it)  - 

Tilts  i 

has 

ad 

on  the  urea 

cost 

of  4/  /  L  b  . 

II  die  a 

per 

urea  is  use 

■<J  , 

tile  e 

1  feet 

\  S  111  ) 

'  te 

p roneum  ed  t 

the  : 

sens i t 1 vi t y 

due  to 

the 

urea  price 

i  s 

dee  re 

.used . 

A.g  a  i 

»». 

this  is  veri- 

fled 

by  the  sen 

s  i  t  iv  i  t  y 

i  mi 

ex.  When  t 

lu* 

rear  t 

i  mi  t  i 

;  fu.  i  a 

Oi 

le-hour,  the 

s  e  n  s 

itiv'ity  due 

to  urea 

is 

c a  1 cu J  at ed 

«■! 

12'  ( 

C  it  S  t*  l 

(K ) ) . 

Tl 

:1s  changes  ta> 

16%  for  a  3-hour  inaction  time  (Cast-  220) ,  indicating  that  it  .s  Its;; 
sensitive  at  the  higher  yield  level. 


Basis  2 


Cont.  Process.  40  MM  lb./yr. 
AN/U/Cat.  =  2/2/1. 7 
U  Yld.  =  80%  U  Conv.  =  64.5% 

AN  Yld.  =  100%  AN  Conv.  =  32% 

Cases:  100,  910,  920 

*  Based  on  industrial  accounting  with  transfer 
price  at  30%  on  T.O.A. 


3uANfO)^£'  Nitrate  Panics  p 30 %f(T rtj^A/  cw  TO. A,  ,4 /LB. 


Cont . 

Proc . 

AN/U/Cat.  = 

2/2/1 . 7 

Case 

U  Yld  . 

U  Conv. 

100 

80 

64 . 5 

210 

87 

88 

220 

88 

98 

Time 


*  Based  on  industrial  accounting  with  transfer 
price  at  3  0%  on  T.O.A. 
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h.  Workup  of  Crude  GN 


Two  alternatives  appear  possible  for  recovery  and  purifving 
the  GN  from  the  reactor  product.  In  one  flow  sheet  (Figure  43)  ,  the  «:\|  is 
crystallized  from  the  melt  mixture  and  the  crude  GN  is  then  recrystallized 
from  a  water  solution.  The  alternative  route  (see  Figure  44)  is  to  take 
up  the  reactants  directly  into  wafer,  crystallize  out  the  N,  and  recover 
it  by  centrifugation. 


The  laboratory  work  indicates  that  the  product  purity  and 
yield  are  roughly  the  same  for  both  methods  with  the  aqueous  route  being 
slightly  better.  The  aqueous  workup  eliminates  a  mix  tank  (T-l),  a  crys¬ 
tallizer  (K-l)  and  centrifuge  (C-l). 


The  results  on  GN  costs  are  as  follows: 


Case 

Werkun 

Plant 

Investment 
{$  Million) 

Mill  Cost 
(c/ib) 

Transfer  Price* 
(C / lb) 

100 

Melt 

5.2 

10.  i 

17.2 

301 

Aqueous 

Um  6 

9.8 

16.2 

*Fr ice  at  30"/,  on  T.O.A. 


There  is,  therefore,  a  substantial  incentive  for  one-step 
aqueous  recovery.  These  results  are  shown  graphically  in  Figure  50. 


i.  Effect  of  AN/U  Ratio  on  Costs 


The  laboratory  work  has  shown  that:  increasing  the  amount  of 
ammonium  nitrate  with  respect  to  urea  will  inc  ease  yields.  When  large 
quantities  oi  ammonium  nitrate  are  used,  it  ac  t  i  as  a  diluent:  and  in  a 
continuous  system,  where  it  is  recycled,  ’  >rger  equipment  results.  Utility 
demands  also  increase  since  more  wntei  must  .  evaporated  be  1'..  re  recycle  can 
be  accomp  1  luiied  -  A*  the  amount  ot  ammonium  nitrate  decreases,  tin  equip¬ 
ment  size  decreases  but  at  the  expense  ot  urea  yield  loss.  Kco  lotnic  cal¬ 
culations  were  made  to  indicate  the  optimum  range  i or  these  off  setting 
factors.  These  cases  are  all  compared  using  the  aqueous  workup  system, 
since  at.  a  large  ratio  of  AN/U  a  eutectic  mixture  cannot  be  obtained  to:  a 
melt  workup.  A  40-ml  i  lion  pound  per  year  plant  wi  tii  tubular  reactors  i  .• 
the  basis  in  all  cases. 


sutwnax  i-ed  in  the  lot  lev  l"g 


The  resui 


B'i  e 


r  iih  1  >> 


3asis;  Cont.  Process 

AN/U/Cat.  -  2/2/1. 7 

Reaction  Time  =  1  hr.  t  \ 

U  Yld.  =  80%  1  _/ 

U  Conv.  =  045 
40  IW  Ib./yr. 


» 

f 


*  Based  on  industrial  accounting  vith  transfer 
price  at  307.  on  T.C.A. 


/  x. 


/O 


/  /  .J  .<//  /  i  V- 

v'V  f  /  V*  .  /„.'/■/  V 


/  V  /''  /■■  'I 


r  a 


x- 


K i  g u  r tv  SO  .  i  x  i  r  f  u  1  Kt* a t;  r .  - .  ;  * u < i  Wi > r  *< up  on 


TABLE  36 


EFFECT  OF  AN/U  RATIO  ON  GN  COST 


Casa 

AN/U 

Urea 

Yield 

<%> 

Urea 

Conversion 

<%) 

GN 

Mill 

Cost 

(//lb) 

GN 

Transfer* 

Price 

(//lb) 

Plant 

Investment 
($  Million) 

630 

0.5 

59 

68.5 

11.5 

16.2 

4.5 

620 

0.56 

62.5 

68 

11.1 

17.8 

4.5 

610 

0.75 

71 

66.5 

10.3 

16.8 

4.5 

301 

1 

80 

64.5 

9  .8 

16.2 

4.6 

650 

1.5 

92.5 

60 

9.5 

16.4 

5.2 

640 

2 

99 

55.5 

9.8 

17.7 

6  .2 

♦Transfer  price  at  307.  on  T.O.A. 


This  is  graphically  illustrated  in  Figure  51  showing  that  the 
optimum  AN/U  on  an  economic  basis  is  near  1/1. 


j  •  Reactor  Type 

All  economic,  evaluations  are  based  on  use  of  a  packed  tube. 

A  2* inch- diameter  tube  was  chosen  as  a  basis  because  the  early  reports  in¬ 
dicated  that  this  might  be  the  more  reasonable  size.  Latnr  kinetic  work 
indicated  -hat  2- to  ''♦-inch  pipe  size  can  be  used.  Tlu  osi  of  3- inch- 
diameter  reactors  is  about  807.  of  the  cost  of  the  2- Inch  reactors;  the 
cost  of  A- inch-diameter  reactors  is  about  6  57.  of  the  cost  of  the  2-inch 
reactors . 


Neglecting  for  the  moment  the  point  that  saiety  may  decide 
whether  one  can  use  an  agitated  type  of  reactor,  calculations  were  made  to 
indicate  whether  there  is  an  economic  inter. t  ive  for  the  choice  of  an  agi¬ 
tated  reactor  ever  packed  tubes. 


The  coats:  are  based  or.  a  system  containing  three  agitated 
vessels  in  asi  ie* .  wit  h  the  reactor  volume  approximate iv  double  the  rata* 
iyft  volume  and  the  gas  vented  rol lowing  each  reactor.  It  i  .  assumed  that 
the  catalyst  is  contained  in  a  basket:  and  last  the  cntalyat  life  is  ap¬ 
proximate  ly  the  same  as  that  of  the  plug  ! lev  » vac r or .  It  was  further 
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Ammonium  Nitrate/Urea  Ratio  on  Costs* 


assumed  that  the  agitated  reactor  costs  were  20%  of  the  cost  of  tubular 
reactors.  Further  analysis  during  Phase  II  (discussed  in  a  future  section) 
showed  that  this  was  not  the  case.  However,  the  overall  economics,  based 
on  the  earlier  assumption,  are  summarized  as  follows: 


GN 

GN 

Mill 

Transfer 

Plant 

Cost 

Price 

Investment 

Case 

Reactor 

un>i 

UHb) 

($-  Million}. 

100 

Packed  Tube 

10.1 

17.2 

5.2 

501 

Agitated  Autoclave 

9.7 

16.2 

4 

Figure  50  contains  a  graphical  representation  of  these  values. 
In  addition,  a  case  is  included,  and  shown  in  the  same  graph,  for  a  com¬ 
bination  using  agitated  autoclaves  and  aqueous  workup  of  the  GN.  If  it  is 
assumed  that  agitated  reactors  are  lower  in  cost,  as  noted  above,  this 
case  gives  the  most  favorable  economics  picture. 

Plant.  Investment 

Case  Mill  Cost  / lb)  Transfer  Price  (V/Ib)  ($  Million) 

710  9.3  14.6  3.4 


k .  Catalyst  Life 

A  catalyst  life  of  six-months  was  assumed  for  the  Houdry 
macronorous  silica  beads  for  calculations.  Based  on  a  price  of  $ i . 50  per 
pound  for  this  catalyst,  the  incremental  cost  to  the  GN  product  is  0 . 1 6^ 
per  pound  of  GN  (Table  34)  with  the  sensitivity  index  showing  that  ils 
coat  is  negligible.  Even  with  a  two-month  life,  the  catalyst  cost  pci  Lion 
would  be  only  0.45tf  per  pound  of  GN,  which  can  still  be  tolerated.  Since 
silica  gel  catalyst  is  priced  at  about  3 5<f  to  5 Os/  per  pound,  the  catalyst 
life  leeway  is  greater  tor  this  catalyst  before  it  becomes  a  significant 
cost  item. 


Basis  for  the  cost  study  is  presented  in  Table  7.  Mill 
costs,  industrial  accounting  GN  transfer  prices,  plant  i nves  men! s ,  and 
Government  accounting  GN  prices  at  0'4  return  for  each  case  ct  lulled ,  are 
summarized  in  Table  18 .  Capital  costs  and  plant  equip1"  nt  >.>sts  tor  a 
40  million  pounds  per  year  GN  plant  art'  outlined  in  Tables  *9  and  40, 
respect i ve ly . 


1'>1 


TABLE  37 


COST  STUDY  BASIS 


1.  Basic  Case:  AN/U/Catalyst  mole  ratio:  2/2/1. 7 

40- million  pound  per  year  plant 
80%  yield  based  on  urea 
Urea  conversion  =  64.5% 

100%  yield  based  on  ammonium  nitrate 
Ammonium  nitrate  conversion  =  3  2% 

2.  Continuous  process,  Plant  Operatior  ~  8000  hours  per  year 

3.  Reactor:  Tubular  reactors,  2-inch  tubes  packed  with  catalyst. 

Reaction  temperature  =  190°C 

Assumed  gas  volume  in  reactor  =  liquid  feed  volume 
Residence  time  -  1  hour 

Endothermic  reaction;  28Kcal,4  mole  GN  (about  410  BPU 

per  pound) 

4.  Catalyst:  Houdry  macroporous  silica  beads  with  assumed 

life  approximately  1/2-year 

5.  Workup  (basic  case):  Melt  crystallization  followed  by  recrystallization 

from  water.  Eutectic  (for  melt  crystallization) 
taken  as  47/52  =  U/AN  (wt.  per  cent) 

6.  A  zero  by  product  credit  was  taken  for  ammonium  carbamate  tor  the 
oasrc  cost  calculations.  However ,  values  of  1  to  3 d/lb  we  o  assigned 
in  Cases  810,  820,  and  830  to  indicate  the  effect  on  GN  coots .  See  pp, 
144  and  152  for  discussion  oertaining  lq  by-product  credits 

7  .  Assumed  e listing  plant  site. 


8.  All  equipment  assumed  304  S3  except  ;<•>»  ntorucje  vessels. 

9.  Raw  material  prices  (delivered) 

Urea  -•  4 . 0 per  pound 
Ammonium  nltiate  f  rill.:  ■  2.5C  per  pound 
Houdry  mucropor  .us  silica  l*:>ads  -  $  J  .  50  rer  pc  ind 
(Cases  3 10  >  nd  920  charges  urea  in  a!  2  and  3£  per  pound , 
respective  K'  to  Indicate  effect  at  urea  t  rice  on  GN  price) 


l  *,  > 


TABLE  37  (Continued) 


Depreciation:  10  year,  straight-line 

Plant  overhead:  25%  of  total  labor  plus  0.5  of  plant  investment 
for  works  accident. 

Transfer  price  contains  15%  indirects.  Transfer  prices  at  30%  on 
T.O.A.  (total  operating  assets)  are  used  for  curves  as  well  as 
mill  cost.  Values  at  0%  and  20%  on  T.O.A.  are  included  in  the 
detailed  computer  tables. 

Definitions: 

Urea  Conversion  -  moles  urea  reacted  ^ 

moles  urea  fed 


Urea  Yield 


moles  GN  formed 
moles  uvea  reacted 


X  100 


Working  capital  is  based  on  the  following  inventories: 

Haw  Material  1  month 

Finished  Material  1  month 
Maintenance  Material  6  months 

Corporate  a  [location  in  T.O.A.  represent.',  ooiporate  allocated 
liciliti.es  -qual  to  3/  of  plant  Investment. 


^niusn  carbamate  by-product  credit 


TABLE  39 


PRELIMINARY  ESTIMATE  OF  CAPITAL  COST  FOR  40  MM  POUND S/YR  DRY  GN 
BASED  ON  EMR  INDEX- 146 5  AND  USING  TUBULAR  REACTORS 


Purchased  Equipment 

$ 

1,052 

Installation 

— 

_ 2JaJL__ 

Installed  Equipment 

$ 

1,421 

Piping  @  60% 

853 

Building  @30% 

427 

Electrical  @  7% 

100 

Instrumentation 

14  2 

Insulation  &  Painting  @  %% 

_ Zi_ 

Material  and  Labor 

T 

3 ,014 

Engineering  &  Supervision  @  10% 

~ 

3  ,315 

Contractor's  Fee  at  15% 

$" 

3 , 813 

Contingencies  at  10% 

_ . 

$~ 

4 , 184 

Catalyst  (Houdry  macroporous  silica  beads) 

_ _ _ 

Battery  Limit 

$” 

4  ,219 

Offsite  &  Allocated  Facilities 

J LJM _ 

16 


Plant  Investment 


219 


TABLE  40 


PRELIMINARY  ESTIMATE  OF  PLANT  EQUIPMENT  COSTS  (304  STAINLESS 
FOR  CASE  100  -  40  MM  POUNDS/YR  DRY  GN,  BASED  ON  ENR  INDEX- 

STEEL) 

1465 

Purchase 

Qosi _ 

R-l 

Reactors;  2-inch  (nominal)  tubing,  3  5,000  ft  total 

$  382,000 

H-l 

Reactor  feed  heat  exchanger  250  sq.  ft. 

13 .000 

Liquid- gas  separator 

5,000 

T-l 

Mix  tank,  2500  gal.  ,  agit,  coil 

19,000 

T-2 

Crude  GN  dissolver,  1000  gal.  ,  agit. 

11,000 

T-3 

M.L.  (from  cent.)  hold  tank,  1500  gal. 

9,000 

T-4 

M.L.  (from  cent.)  hold  tanx,  250  gal. 

2,500 

C-l 

Primary  centrifuge,  cont.  (w/noter  &  controls) 

41,000 

02 

Secondary  centrifuge  ,  cont.  (w./ motor  &  controls) 

41,000 

3  -  Conveyors 

11,000 

W-l 

Aqueous  M.L.  ,  falling  film  ovap.  ,  vac. 

35,000 

K-l 

Primary  Crystallizer,  cont.  -  Swenson  Walker  type 

,  3  00  ft. 

1.'  ,0  00 

K-2 

Secondary  Crystallizer,  cont  .-growth  type-O.lo  or 

Cooler  -  refrigeration  35  tons  ,  0  Y 

Krystal 

(fcOTO) 

100,000 

20,000 

D-l 

Dowtherm,  B.7  MM  BTU/hr. 

50,000 

M-2 

U-4.N  Melt  Tank,  2500  gal.  ,  c>()  sq.  ft,  coil 

19 , 000 

S-l 

U  -  Air  conveyor  system 

1 0 , 000 

S~2 

AN  -  Air  conveyor  system 

i 0 ,000 

B-l 

U  _  Storage  (Ai)  25,000  gal. 

29,000 

B“2 

AN  -  Storage  (Al)  10,000  gal. 

20 , 000 

B~3 

GN  -  Storage  25,000  gal. 

2  9 , 0  0  u 

D-2 

Rotary  Dtyer 

4 1 , 000 

2  -  Metering  Pumps 

10  -  Transfer  Pumps 

2  -  Metering  Feeders  S<  Beit 

i, ,  000 
i 0 , 000 

14 , 000 

$ 

1 ,052 ,000 

1M> 
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B.  PHASE  IX  -  PILOT  PLANT  DESIGN 
1 .  Summary 

The  objectives  of  this  phase  of  the  program  were  to  provide  (a)  a 
complete  pilot  plant  design,  with  specifications,  and  (b)  proposed  methods 
of  operation.  In  addition  to  a  production  capability  of  40,500  pounds  of 
guanidine  nitrate  (GN)  for  subsequent  conversion  to  nitroguanidine  (NQ) . 
the  pilot  plant  design  was  to  have  operating  flexibility  for  investigating 
process  variables  and  process  upset  conditions  as  related  to  overall  process 
technology,  GN  quality,  safety  and  full-scale  production  design. 


The  above  objectives  were  met  during  this  phase  of  the  program.  A 
pilot  plant  was  designed  having  a  nominal  GN  production  rate  of  50  lb/hr 
and  the  capability  of  producing  40,500  pounds  of  GN  for  delivery  to  the 
Contract  Project  Officer.  Tills  production  rata  was  chosen  to  allow  fulfill 
ment  of  the  production  in  about  two  months  and  to  permit  *the  use  of 
prototype  equipment  sufficiently  large  tc  establish  process  feasibility. 

Two  months  is  a  conveniently  ihort  interval  that,  in  Hercules'  experience 
provides  the  optimum  balance  between  operating  cost  and  pilot  plant  invest¬ 
ment  for  the  production  commitment  noted. 


Highlights  of  Phase  II  activities  were  as  follows:  pilot  plant 
equipment  design  and  selection;  equipment  quotations;  process  equipment 
layout;  preparation  of  a  process  flow  sheet  complete  with  material  balance , 
operating  conditions  and  equipment  specifications,  definition  of  utilities 
specifications,  design  and  placement ;  instrumentation  definition;  prepara¬ 
tion  of  general  operating  procedures;  e  stab i ishmen.  of  required  building 
modifications ;  and  equipment  hazards  analysis.  The  minor  details  of  the 
pilot  plant  design,  e  ,g.  specific  piping  sketches,  piping  support  8 ,  etc., 
were  not  completed  as  tliev  wen-  planned  act  lvities  dm  in:;  the  carl  '  pert  ion 
of  Phase  III.  Decisions  on  equipment  iU-i.cn  and/or  ope  in  t  ing  concepts  were 
based  on  process  technolog"  generated  t  hr  >m  hour  tin-  pt  «•>  t  am ,  hazards 
analysis,  value  engineering,  state -of • the  -art  GN  process  knowledge ,  as  well 
as  Hercules'  safety,  process  design  and  ope  rat ing  experience .  The  pilot 
plant  design  effort  war.  conducted  joint  lv  between  the  Hercules  Research 
Center  Chemical  Engineering  Division,  Kenv  i  1  -Systems  Group  and  AB1  '  s 
Hazards  Analysis  Group  personnel..  The  pilot  pi. tut  was  designed  for  place¬ 
ment  at  the  Herctiles/Kotlvi  5  ,  N  ,  '  .  plant  .  \'uot  a  t  ions  were  ecel-cd  to:  .ill 

process  equipment ,  in  lading  i nst i nmeut  at i on . 


Each  specified  piece  o!  equipment  was  suit  jci  ted  to  t  :.a.:aids 
analysis:  i  .c.  .  comp  a  r  i  ng  the  ic-ppoee  s  p->; «  Mini  and  ••  at  et  .a!  i  c  s ,  on.u 
I'tu’ig  1  potentials.  After  Ctitain  L  a  1  o'  ha  !■>■,:  -  •  ,  '  : 

Sped  fied  pilot  plant  equipment  showed  a-.iequ.ite  maigins  ,-r  ,ilet  v  -i.ide  ? 
normal  i  ••  i  a  t  1 1  g  conditions.  In  instances  ot  cero  ,:..i  •.  c  ;  n  oi  safety 
{  aluioua  1  operating  condition),  i  n -process  n.a  t  e  i  i  a  1  coel-1  ignite-  hot  its 
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burning  would  not  transit  to  an  explosion.  Reactor  mixture  and  GN  will 
propagate  an  explosive  reaction  if  sufficiently  boostered.  Other  process 
materials  will  not  sustain  an  explosive  reaction  in  1-Lneh-di atneter  pipe 
lines.  In  testing  of  a  simulated  packed  tubular  reactor  2  inch  diameter 
x  12  feet  long,  burning  did  not  transit  to  an  explosion.  A  logic  model 
(Fault  Tree)  simulation  of  the  pilot  plant  design  over  300  hours  of 
operation  resulted  in  a  probability  of  initiation  of  4.6  x  10~3  or  a 
corresponding  probability  of  no  initiation  of  0.9953. 
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2 '  Equipment  Selection 
a.  Design  Approach 


The  basic  unit  operations  for  the  nominal  50  lb  dry  GN/hr  pilot 
plant  were  as  follows: 

(1)  Reactor  feed  system  with  varying  AN/'U  ratio  control 
f  lexibi.  1  i  ty . 

(2)  Packed  tubular  reactors  arranged  for  operating  flexi¬ 
bility  and  using  Houdry  CP-532  Silica  Bead  catalyst. 

(3)  Off-gas  (NHq  and  CO2)  collection  system. 

(A)  Single  stage  aqueous  crystallization  system  consisting 
of  an  aqueous  quench  step,  an  insolubles  separation 
step,  and  a  vacuum  crystallization  step. 

(5)  GN  solids/mother  liquor  separation  operation. 

(6)  n  evaporation  system  with  GN/U/AN  recycle  to  the 
reactor  feed  system. 

(7)  GN  drver-packouf  system. 

The  following  constraints  were  imposed  in  selecting  and/or 
designing  equipment  for  the  GN  pilot  plant: 

(1)  Operations  associated  with  feed  blending/metering,  I’ /AN 
reaction,  reactor  off-gas  collection,  reactor  product 
melt  quenching,  wafer  insolubles  removal,  mother  liquor 
evaporation  and  GN  drying  to  be  continuoi’" . 

(2)  Urea  and  AN  melting,  v:  mini  crystallization  and  GN 
cent  1 i legation  operations  to  be  done  on  a  batch  basis. 

(3)  A1J  1  recess  equipment:  to  he  fabricated  from  stainless 
steel  (type  30 A  or  -i1M. 

All  1  ocess  nenfirig  to  he  done  with  saturated  steam 
and  ho r  w.  or  . 
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EQUIPMENT  DESCFIPTICN  SHEET 


FLOW  SHEET 
DESIGNATION 

TITLE 

j  DESCRIPTION 

A-400 

Off  Gas  Scrubber 

!  6''  diameter  x  10  feet  plexiglass  flanged 

|  column  packed  with  1/2"  raschig  rings 

(  +  1.3K  BTU/HR) 

A-500 

GN  Crystallizer 

Swenson  100  gallon  evaporative  cooling  draft 
tube  crystallizer  -  304  s.s. 

(  +  25K  BTU/HR  average) 

A- 700 

, 

I  GN  Dryer 

j 

i  Strong  Scott  5J5-8-4  continuous  8  1 

I  .Solidaire  Paddle  Dryer  -  304  s.s. 

j  (  -  27.5  BTU/HR) 

j_ 

A-aoo 

1 

Evaporator 

! 

|  Whitlock  #99  Pliot  Plant  -  two  stage  falling 

!  film  air  swept  evaporator  -  3C4  s.s. 

(  -  120K  BTU/HR  average) 

C-800  1  Blower 

1 

1  HP  -  50  SCFM  Will t lock  Blower 

1 

GRC-1 

i 

j 

1 

, 

Composition  Recorder  - 
Control  System 

a)  Automatic  Produces  -  "Dynatrol"  density 
cell  type  CL -10HYT- jacketed  315  s.s. 

b)  Foxboro  621!  -  5K  Electronic  Cor.sotrol 
Control ler 

c)  Foxboro  6420H  2-pe.i  Milllampere  Recorder 
(shored  with  FRC-I1 

d)  Foxboro  6dTA  Current  -  to-air  converter 

E-lll 

I 

Eductor  Loop  Cooler 

2 

American  Standard  84  ft"  single  pass  316  s.s. 
heat  exchanger  or  equivalent 
(  +  70K  BTU/HR) 

- - - —4 

E-800  1 

j 

1 

i 

Evaporator 

Air  Heater 

1 

1 

1 

Whitlock  type  3-Y-48,  ALT,  heat  exchanger 
(  -  13K  BTU/HR) 

1  /l 
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FLOW  SHEET 
DESIGNATION 

1  TITLE 

DEseniPTio:: 

FI-105 

Quench  Tank  Water  Rotameter 

Brooks  Sho-Rate  #150,  Model  1355  Rotameter 

r  -  oO 

Scrubber  Fresh  Water  Rotameter 

Brooks  Sho-Rate  #15f'>,  Model  1355  Rotameter 

FI-401 

Scrubber  NHj-Water  Rotameter 

Brooks  Sho-Rate  #150,  Model  1355  Rotameter 

FI-800 

Evaporator  Feed  Rotameter 

Brooks  B55*8800  304  s,s.  Flow  Controller/ 
Integral  Rotametet 

FR-105 

Quench  Water  Flow  Meter 

Buffalo  Meter  Co  -  B-5/8"  r  1/7”  meters 

FR-UO 

NH-j  Water  Flow  Meter 

Buffalo  Meter  Co  -  B-5/d”  x  1/2"  met>-rr 

FR-600 

Centrifuge  Wash  Meter 

Buffalo  Muter  Co  -  B-5/8"  x  1/2"  meters 

FR-300 

Aqueous  Quench  Flow  Meter 

Undefined 

FR-400 

COo  Flow  Meter 

American  Meter  size  25B  Sewage  Gas  Meter 

FRC-1 

Feed  Flow  Control  Loop 

a)  Foxboro  El  3  DM  DP  Transmitter 

W/Integrnl  Orifice 

b)  Foxboro  62,i-5F.  Electronic  Consotrol 
Controller 

c)  Foxboro  6420  11  2 -Pen  Mllliampere 

Recorder  (shared  W/CRC-1) 

d)  Foxboro  6;>TA  1/air  Transducer 

e)  V-  4 

H-  701 

Dryc-  Feeder 

Vibru-Serew  r>  ruble,  foot  live  bln  feed 
h  p|ji*r  coupled  with  a  bflt  feeder  *  304  s ,  ?t , 

H- 702  | 

Scale 

Plat  1  urm  Sval*.1  ,  ."Ml  !!>?.,  m'nlnn  1  rapacity. 

.;  -  m 

Wo ter  Ch lllrr  for  Vfl r uum 

Eductor  System 

Kdw.u  ds  Kng.  (Vip.  1*>  ton  |>;i«.*V.aged  w;it  |jr 

till  Her  (♦  7“  HTP/iUn. 

1  /2 
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FLOW  SHEET 
DESIGNATION  , 

TITLE 

DESCRIPTION 

LC  105 

Level  Controller  for  Aqueous 
Quench  Tank 

Foxboro  Model  17BT-S41  Buoyancy  Transmitter 

LC  113 

Level  Controller  for  Feed 

Surga  Tank 

Foxboro  Model  17BT-S41  Buoyancy  Transmitter 

LI  102 

Level  Indicator  on  Kake-up 

Feed  Tank 

Air  Bubbler  System  with  0-30"  water  gauge 

LI  104 

Level  Indicator  for  Recycle 

Feed  Tank 

Foxboro  Model  17BT-S41  Buoyance  Transmitter 
Reverse  Output 

i . 

LI  105 

Level  Indicator  on  Aqueous 
Quench  Tank 

Foxboro  Model  17BT-S41  Buoyancy  Transmitter 

LI  106 

. 

Level  Indicator  on  Aqueous 
Quench  Tank 

i 

Air  Bubbler  System  with  a  0-60"  water  gauge. 

LI  113 

Level  Indicator  on  Feed  Surge 
Tank 

Foxboro  Model  17BT-S41  Buoyancy  Transmitter 

LI  114 

Level  Indicator  on  Interstage 
Feed  Tank 

Foxboro  Model  17BT-S41  Buoyancy  Transmitter 

M-104 

Agitator  on  T-104 

Lightning  5"  fl&nge  mounted  1/3  HP 

N33-33  Mixei  -  304  s.s. 

M-105 

Agitator  on  T-104 

Lightning  5”  flange  mounted  1  /  .  HP 

N33-33  Mixer  -  304  s.s. 

M-106 

Agitator  on  T-106 

Lightning  clamp  mounced  1/3  HP  Model  ND-2 
Mixer  ••  304  s.s. 

M-500 

Agitator  on  Crystallizer 

Lightning  flange  mounted,  bottom  entering, 

3/4  HP  N33-CDS75  Mixer  -  304  s.s. 

P-100 

Melt  Transfer  Pump 

Gould  &  Model  3199-  1x1x5  cent  r  1  f 

pump  -  W/Teflon  fillet*  packing;  operating 
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FiOW  SHEET  [ 
DESIGNATION  1 


TTTI  k 


DESCRIPTION 


P-101 

Composition  Blend  Pump 

Hi ils-McCanna  3-headecl  K-type  metering 
pump  with  jacketed  head  and  check  valve 
assemblies  -  316  s.s.  with  pneumatic 
stroke  adjustment  and  speed  control  units. 

P-X02 

feed  Pump 

Goulds  Model  3199-  1x1x5  centrifugal 
pump  W/Te f Ion- fii led  packing;  operating 
at  3500  RPM 

P-104 

Aqueous  Quench  Transfer 

Pump 

Goulds  Model  3199-  1x1x5  centrifugal 
pump  W/Te f Ion  -  filled  packing;  operating 
at  1750  RPM. 

P-105 

Recycle  NH^  Water  Pump 

1-  ....  _  .  ... 

Roper  TK10-14  Gear  Pump  -  cast  iron  (or. 
hand  from  Phase.  1) 

P-106 

1 

j  Crystallizer  Feed  Pump 

j  ; 

Goulds  Mode]  3199-  1x1x5  centrifugal 
pump  W /Teflon  -  filled  packing;  operating 
at  1750  RPM 

P-107 

Crystallizer  Slurry  Pump 

Goulds  Model  3199-  1x1x5  centrifugal 
pump  W/c  Mechanical  Seal  ;  operating  at 

3500  RPM 

P-103 

Mother  Liquor  Transfer  Pump 

. .  ._.  _| 

Goulds  Model  3199-  1x1x5  centrifugal 
pump  W/Teflon  -  fi 1  led  packinv;  operating 
at  1750  RPM 

n 

P-109 

i 

Evaporator  Feed  rump 

i 

Goulds  Model  3199-  1x1x5  centrifugal 
pump  W/Teflon  -  filled  packing;  operating 
a  3500  RPM 

P-112 

1  i 

Nil-}  -  Water  Storage  level 
j  Control  Pump 

Penberthy  In  n  Guard  *>  GEM  Sump  Pump 

P-1 14 

! 

! 

Interstage  Feed  Pump 

HI  1 1 fi-McCanna.  Model  UM-IF  Piston  Pump, 

316  s.s4,  to  deliver  30  GPU  nt  37V'F 

l 

i 
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FLOW  SHEET 

TITLE 

DESCRIPTION 

P-115 

Tempered  Water  System  Pump 

. 

Crane  #  1  ~  55A6  •  Figure  4001  Centrifugal 

Pump  ■  On  Hand 

P-116A 

Mechanical 

Stokes  40  CFM  Mlcrovac  Mechanical  Vacuum 

P-116B 

j  Vacuum  Pumps 

Pumps 

PG-111 

Crystallizer  Vacuum  Control 

Manual  Air  Bleed 

R-200 

Reactor 

304  s.a.  Rea'  Cor,  4"  l.D.  x  12  ft.  with 

11-1/2  ft.  o  >:  catalyst  (Houdry  Beads). 

Jacketed  with  304  s.s.  for  300  pslg  operation. 
Equipped  wit h  6  dual  radial  entering  thermo¬ 
couples  for  profile  measurement, 

(  -  10K  BTU/HR  EACH) 

R-201 

& 

R-202 

Reactor 

304  s.s.  Reactors,  4"  l.D.  x  12  ft.  with 

11-1/2  ft.  of  catalyst  (Houdry  Beads). 

Jacketed  with  304  s.s.  for  300  pslg  operation. 

(  -  10K  BTU/HR  EACH) 

R-203 

Reactor 

304  s.s.  Reactors,  4"  l.D.  x  12  ft.  with 

11-1/2  ft.  of  catalyst  (Houdry  Beads). 

Jacketed  with  304  s.s.  for  300  pslg  operation. 

(  10K  BTU/HR  EACH) 

R-204 

Reactor 

304  s.s.  Reactors,  4:l  l.D.  x  12  it.  with 

11-1/2  ft.  of  catalyst  (Houdry  Beads). 

Jacketed  with  304  s.s.  for  300  pslg  operation 
Equipped  with  6  dual  radial  entering  thermo¬ 
couples  for  profile  measurement. 

(  10K  BTU/HR  EACH) 

• 

R-205 

Reactor 

304  s.s.  Reactors,  4”  l.D.  x  12  ft.  with 

11-1/2  ft.  of  catalyst  (Houdry  Beads). 

Jacketed  with  304  s.s.  for  300  pslg  operation. 

(  -  10K  BTU/HR  EACH) 

R-206 

! 

■ 

Reactor 

304  a. a.  Reactors,  4,!  l.D.  x  12  ft.  with 

11-1/2  ft.  of  catalyst  (Houdry  Beads). 

Juv Luted  with  304  -  Tor  , .  lg  ope.afior. 

(  -  10K  BTU/HR  EACH) 

f 
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Pr  ow  SHEET 
DESIGNATION 

;  TITLE 

!  DESCRIPTION 

R-207  Reactor 

316  s.s.  Reactors  4"  I.D.  r.  12  ft.  with 

11-1/2  ft.  of  catalyst  Oloudry  Beads'). 

Jacketed  with  304  s.s.  for  300  psig  operation. 

(  -  10K  BTU/HR  EACH) 

S-106  In-line  Cartridge  Filter 

Filterite  Corp.  1.M020S-3/4  In-line 
polishing  on  cartridge  filter-316  s.s.^  lOOyq. 

S-200 

Gas-Liquid  Separators 

Custom  Built  -  6”  diameter  x  5  ft,  horizontal 
separator  jacketed  -  304  s.s. 

S-201 

i 

Gas-Liquid  Separators 

t 

Built  *  6"  diameter  x  5  ft.  ’  crizoritnl 
separators  jacketed  -  304  s.s. 

S-300 

Insolubles  Separator 

l_ 

Del.aval  Mode)  12  ATM  Laboratory  solid  bowl 
centrifuge  20  CFH  (■’  1  micron  -  316  s.3. 

S-600 

GN  Basket  Centrifuge 

DeLaval  ATM  Mark  III  link  suspended  22"  x  16" 
centrifuge  -  304  s.s,  250-350  lbs/hr  <<'  100- 
200  micron 

T-100 

Low  Urea  Melt  Tank 

60  gallon  -  304  s.s.  dished  bottom  jacketed 
tank  with  lift-off  cover  and  internal  coil  - 
Lee  Metal  Products. 

(  -  IIP  BTU/HR  average) 

T-101 

High  Urea  Melt  Tank 

100  gallon  -  j04  s.s.  dished  bottom  Jacketed 
tank  witli  lift-off  cover  and  internal  coll  - 
Lee  Metal  Products. 

(-11^  BTU/lik  average) 

T-102 

Make-Up  Feed  Tank 

30  gallon  304  s.s.  dished  bottom  jacketed 
tank  with  lift  off  cover  -  lee  Metal  Products 

T-10J 

Primary  Feed  Tank 

60  gallon  304  s.s.  dished  bottom  jacketed 
tank  with  lift  off  cover  -  let*  Metal  Product** 

T-104 

Recycle  Feed  Tank 

60  gallon  304  s.s.  dished  bottom*  bolted  on 
h»'»ad  jacketed  tank  **  !  <'e  M.  tal  Products. 

i  n> 
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TITLE 

DESCRIPTION 

T-105 

Aqueous  Quench  Tank 

50  gallon  304  s.s.  dished  bottom,  b  lted 
on  head  jacketed  tank  -  Lee  Metal  Produc.tb 

T-106 

Crystallizer  Feed  Tank 

200  gallon  304  s.s.  flat  bottom,  jacketed 
tank  with  lift  off  cover  -  Lee  Metal  Products. 

T-107 

Evaporator  Feed  Tank 

200  gallon  304  s.s.  flat  bottom  tank  with 
heating  coil  and  baffles,  and  with  lift-off 
cover  -  Lee  Metal  Products 

T-109 

Filtrate  Pump  Tank 

30  gallon  316  s.s.  drum  bomb  -  (on  hand 
from  Fhase  I) 

T-UO 

NH3  -  Water  Hold  Tank 

53  gallon  steel  drum  with  plastic  insert  - 
Container  Corp.  of  America  2S-0505,  18  go., 

Type  A 

T-113 

Feed  Surge  Tank 

United  Utensils  30  gal.  316  s.s.  Drum 

W/ Jacket 

1-114 

Interstage  Feed  Tank 

Terriss-Consol idcted  custom  made  8  gal.  s.s. 
vessel  W/jacket 

T-115 

. .  .  J 

Tempered  Water  Feed  Tank 

30  gal.  insulated  steel  drum  -  on  hand 

i 

T-l 16A 

T-116B 

Crysta  Hirer 

Condenser  Traps 

8  gal.  s.s.  custom  built 

Traps  -  on  hand 

T-l  1 2 

HH3  -  Water  Storage  Tank 

30,000  gallon  tank  -  on  hand 

V-l 

Make-up  Feed  Control  Valve 

Research  Contro  .  Miniature  Diaphragm  Motor 
Valve,  1/2"  316  s.s. 

04 

1 

> 

Interstage  Faed  Control  Valve 

i 

! 

Research  Controls  Miniature  Diaphragm  Motor 
Valve,  1/2"  316  s.s. 

1  /  / 
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DESCRIPTION 

V-3 

Aqueous  Quench  Control 

i 

Research  Controls  Miniature  Diaphragm  Motor 

Valve,  1/2",  316  s.s. 

V-4 

Flow  Control  Loof  Valve 

Research  Controls  Miniature  Diaphragm  Motor 

---  -  » 

Valve,  1/2",  316  s.s. 

It  had  been  defined  in  a  pre-coi  fractual  award  safety  audit 
that  the  selected  process  building  (Bldg.  .204)  would  require  expansion  in 
order  to  house  the  anticipated  pilot  plant  equipment.  To  uatermine  die 
extent  of  this  expansion  and  to  show  that  the  equipment  placement  could  be 
achieved  consistent  with  both  Hercules'  anti  the  Government's  safety  and 
engineering  standards,  a  building  layout  was  prepared..  This  equipment 
arrangement  is  shown  in  Figure  53.  Approvals  of  the  Government  Contract 
Project  Officer  for  the  flow  t>ha«f  and  equipment  arrangement  drawings  were 
received  at  the  end  of  Phase  II. 

c  *  Spec! flc  Process  Equipment  Selection 

Ilae  following  subsections  present  discussion:  of  the  individual 
units  of  the  pilot-plant  process  equipment.  In  genera'  these  subsections 
Include  the.  following:  description  of  unit  operation,  design  criteria, 
general  method  of  operation,  design  constv  ints ,  and  procurement /fabrica¬ 
tion  specifications.  Reference  to  the  process  flow  sheet  (Figure  32)  wi L 1 
be  helpful  to  the  reader. 

1_  Reactor  Feed  Syste m 

Design  of  the  reactor  teed  system  was  ext  re  me  ly  important: 
in  establishing  both  operational  and  process  i octroi.  The  design  of  this 
system  was  more  complex  than  usual  for  such  a  unit  since  the  system  .  is t 
correctly  proportion  i  two-component  fresh  iced  si  rent;;  (AN,  (!)  with  a 
three -component  recycle  stream  (AN,  D,  ON)  to  achi.-’c  a  predc  terntined  AN/U 
motor  feed  ratio  for  the  rc  rotors .  Known  reactor  feed  eomposi  li  out.  are 
required  for  process  variable  studies ,  Nineties,  y i e Id-couve  rsi on 
determinations,  etc. 


a  Design  Cr j  t e r i a 

( 1 )  Minimise  poss i h i  I  . t  v  o t  . > pe i a  t i  i  i  ;  to:  . 

(2)  Size  the  feed  nr  1  t  "is  so  that  urea  (!')  and 
aminon i utn  nit  rate  (,.N)  ate  charged  t »  1  v  oi;e  u 
t.wo  t  itnes  pe  i  -hill 

(  3'«  Select  controls  so  that;  tempo  i  at  ure  ,  compos  i- 

.  ion,  a  i.d  flow  l.lti  t  a  a  he  O  a  • :  ’•  i  .  a  ■  ,d  qu  irk  I  v 

ad  justed  within  suit  able  unit  in  i.inge;,  . 

(4)  Design  a  system  with  max  i  . . .  n  li  d>i!it.  . 

( 3 )  Select  materials  o !  i on:.  t  i m  !  ion  base  I  .  >e 

i  n forma  t  i  on  ga  i  ne  !  ;  .  p  s  e  i  o .  ■;  i  o  i  i  os  i  m , 

studies . 

lb)  Include  safety  (uiman  eng  i  m-o  :  i  n,;  ■  ir  ,  ue  ;  at  i  or 
when  designing  equ  i  emeu  t  . 

(7)  H  t  '  lire  line  on  t  •  d  and  p  i  i  I  le. ;:  *•  <  a  id  ,\'i  . 


.  « - 


b  General  Description  of  Proposed  Feed  System  Operation 


(1)  Charge  feed  melting  tanks  (304  stainless  ^teel) 

1-2  times  per  shift  with  a  4:1  weight  ratio  of 

U  to  AN  and  1:4  U  to  AN  in  the  respective  tanks. 
Modify  the  makeup  composition  as  required. 

(2)  Control  temperature  in  the  melters  by  low  pressure 
(5-10  psig)  steam  in  coils  or  jackets. 

(3)  After  melting,  transfer  feed  into  heated  hold 
tanks,  again  with  the  temperature  controlled  by 
low  pressure  steam. 

(4)  Transfer  make-up  feed  to  tne  recycle  feed  tank 
from  a  gravity  flow  tank  with  the  rate  governed 
by  a  level  control  (LC)  system  on.  the  recycle 
feed  tank. 

(5)  Mix  high  AN  recycle  from  the  evaporator  (originating 
from  the  reactors)  with  4  to  1  (AN/U)  fresh  feed, 

(6)  Control  the:  proper  ratio  of  high  and  low  AN  feed 
streams  to  achieve  the  desired  reactor  feed 
composition  with  an  automatic  variable  stroke  and 
speed  piston  pump. 

(7)  Discharge  the  make-up  and  recycle  materials  from 
the  proportioning  piston  pump  to  a  small  surge 
tank,  equipped  with  .•  a  LC  system  to  control  the 
piston  pump  speed  am  thus  ensure  sufficient  feed 
supply  for  the  reactors. 

(8)  Measure  the  density  of  the  blended  feed  material 
in  the  surge  tank  with  a  densitometer. 

(9)  Transmit  a  signal  from  the  composition  sensor  to 
a  three-mode  controller  to  adjust  the  individual 
stroke  lengths  oi  the  proportioning  piston  pump. 

(10)  Control  the  feed  rate  to  the  reactors  with  a 
pneumatic  flow  control  system. 

c  Description  of  Kqulpmont  Selected  fu r  K(ir.^'.or  Feed  System 

(1)  Feed  Melters  (T-100,  T-101)  and  Feed  Hold  Tanks 
( T- 102 , T- lDJ) _ 

Tile  purpose  oi  the  feed  melters  and  feed  hold  tanks 
is  to  provide  feed  melt  of  the  proper  moa/ammonium  nittate  (  U/AN) 
composition  to  tire  feel  pump.  The  urea  and  AN  virgin  feeds  ;  e  mixed  during 
the  molting  step  to  reduce  urea  degradation  am  to  keep  melte  temperatures 
low.  'Die  me  * te r-ho 1 d  tank  arrangement  is  used  to  ensure  that  a  totally 
melted  feed  is  available  to  the  blend  pump.  In  a  comme i c i a  1  plant, 
continuous  solids  feeding  and  melting  or  evaporation  oi  wutei  solutions 
would  be  used.  Because  cl  t!.._  small  rates,  solids  lee  ling  and  cunt  inuous 
melting  would  not  have  been  )ust.  i  1  i  able  in  the  pilot  plant. 


The  meiters  and  hold  tanks  were  sized  so  that  hag 
quantities  of  urea  and  ammonium  nitrate  solids  could  be  charged  only  once 
per  shift.  Since  unco  i  AN  prills  were  used,  no  feed  filtration  was  neces¬ 
sary  If  it  becomes  sary  to  use  coated  prills  for  a  commercial  plant, 

selection  of  a  suitah  Iter  will  be  easy  since  the  melted  AN  feed  charac¬ 

teristics  are  well  kr 


:  feed  compositions  of  4:1  and  1:4  AN  to  IJ  (wt. 
re  a  good  range  for  composition  control  and  to 
temperatures  to  about  110°C,  Another  reason  for 
atio  was  that  the  predicted  recycle  melt  from  the 
imposition.  Matching  of  the  two  high  composition 
;  event  of  a  failure  in  the  composition  control 
lend  pump  stroke  length  is  set  with  the  composi- 
al  mode  to  proportion  the  4:1  and  1:4  feeds  to 
>ed  composition. 

The  high  composition  AN  melter  (T-100)  was  sized  to 
handle  320  pounds  of  ammonium  nitrate  and  80  pounds  of  urea  per  charge  or 
about  a  one-day  supply.  A  60-gallon  standard  tank  with  a  loose  cover  was 
selected  for  this  service.  The  loose  cover  would  facilitate  charging  of 
the  solids  which  is  accomplished  by  emptying  a  selected  number  of  bags  con¬ 
taining  AN  and  U.  In  addition  to  the  lid,  there  is  a  large  mesh  stainless 
steel  screen  across  the  top  of  the  vessel  to  trap  loose  paper,  etc.  The 
vessel  is  jacketed  and  has  an  internal  steam  coil  which  provides  adequate 
heat  transfer  area  for  melting. 


basis )  were  selected  :t> 
limit  the  melter  hold  t . i 
selecting  the  4:1  AN  to 
evaporator  haa  a  simil 
AN  streams  is  useful  ii 
loop.  In  this  event, 
tion  controller  in  thi 
give  the  desired  react 


The  high  concentration  AN  hold  t  .ink  (T-102)  was 
sized  to  handle  a  one-shift  supply  of  food  melt  -  about  15  to  25  gallons. 

A  30-gallon  jacketed  tank  operating  at  one-half  capacity  was  selected. 

Since  the  feed  melt  is  a  true  solution,  no  mixing  is  needed  to  improve  heat 
t  rans  f cr . 


The  high  concentration  urea  melter  (T-101)  was  sized 
to  handle  160  pounds  oi  ammonium  nitrate  and  640  pounds  of  urea  per  change. 
Since  this  amounts  to  about  80  gallons  of  melt,  a  jacketed  100-gallon  melter 
was  selected.  This  melter  also  has  a  loose  cover,  an  intern..!  steam  coil, 
a  stainless  steel  mesh  cover  but  no  mixer.  Feed  melt  is  circulated  back  to 
the  meiters  through  a  pump  loop  using  the  iced  melt  transfer  pump  (l’-lOO) 
whenever  convective  mixing  is  not  adequate. 


The  high  urea  content  teed  melt  hold  tank  (T-U)O 
was  also  sized  to  hold  about  a  one-shift  supply  of  ieed  melt.  Since  th< 
flow  rate  from  the  hold  tank  is  about  B  gallons  per  hour,  a  (i0- gal  Ion  tank 
was  selected. 


VS.' 
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( 2 )  Evaporator  Recycle  Feed  Tank  (T-104) 

This  vessel  is  used  for  mixing  the  recycle  melt  (AN, 
U  and  CN)  from  the  evaporator  with  fresh  AN  feed  and  for  providing  some 
su.ge  capacity  for  the  recycled  melt.  This  tank  also  acts  as  a  buffer  to 
damp  out  composition  fluctuations  in  the  recycle  melt. 


The  agitated  vessel  was  designed  to  provide  good 
mixing  of  the  two  feeds  and  to  maintain  a  desired  feed  melt  temperature. 


A  60-gallon,  closed,  jacketed  tank  equipped  with,  an 
internal  float-type  level  sensor  was  selected  for  this  service.  This  tank 
size  provides  tor  about  five  hours  of  recycle  melt  holdup.  Agitation  is 
provided  by  a  fixed-mounted  Lightnin  N33-33  mixer  (1750  rpm)  bolted  to  a 
nozzle  on  the  tank.  The  level  in  this  tank  is  controlled  by  regulating 
the  flow  of  fresh  melt  from  the  high  concentration  AN  hold  tank  (T-102). 

To  do  this,  a  tep-mounted  Foxboro  Force  Balance  Buoyancy  Transmitter  actu¬ 
ates  a  control  valve  in  the  gravity  feed  line  from  the  high  concentration 
AN  hold  tank  (T-102).  Thi3  level  controller  has  a  float-type  sensor  and 
integral  pneumatic  controller.  It  is  mounted  on  a  nozzle  of  the  tank  and 
puts  out  a  proportional  3  to  15  psig  air  signal  to  the  Research  Controls 
Miniature  Diaphragm  Pneumatic  control  valve  in  the  high  concentration  Ain 
makeup  line. 


( 3 )  Feed  Blending  and  Metering  System  (P-101,  P-102, 

FRC-1.  and  CKC-I) 

The  purpose  of  this  system  is  to  blend  the  high- 
urea  and  high-AN  feeds  in  the  proper  ratio  and  to  pump  the  blended  feed  at 
the  proper  rate  to  the  reactor  tubes. 

The  design  philosophy  for  this  system  was  to  mini¬ 
mize  the  possibility  of  human  errors  by  controlling  both  the  feed  composi¬ 
tion  and  the  feed  rate  with  feedback  control  loops.  Tlieiefort,  to  adjust 
either  the  composition  or  feed  rate,  the  operator  simply  adjusts  a  con¬ 
troller  set  point.  Hardware  reliability  and  control  system  stability  were 
also  Important  considerations  in  the  design.  Manual  operability  of  this 
system  in  the  event  of  control  loop  failure  was  also  considered  important. 


Two  basic  methods  ot  feed  blending  were  cons i do red  : 
(a)  one  based  on  use  of  metering  pumps  and  ( b)  one  based  on  use  ot  i low 
control  loops  on  the  discharge  lines  i rom  the  lee  i  hold  tanks,  because  ot 
the  continuously  changing  hydrostatic  head  in  the  feed  tanks,  i  low  emfrol 
loops  using  differential  pressure  (dp)  cells  ami  air-operated  i-uiiirol  valves 
would  tend  to  result  in  cycling  flows.  For  this  reason,  piston  metering 
pumps  weie  selected  to  blend  the  two  feeds.  These  pumps  are  operationally 
stable  and  result  in  positive  1  lows  with  very  little  variation. 


A  Hi  lit, -McCanna  Type  K  piston  pump  (P-101)  was 
selected  for  use  in  the  feed  blending  operation.  This  pump  has  three 
hydraulically  operated  heads,  all  operating  at  the  same  stroke  speed.  The 
two  heads  used  for  feed  blending  of  the  high-AN  and  high-urea  melts  have 
pneumatic  stroke  adjustment  capabilities.  The  third  head  contemplated  tor 
interstage  reactor  feeding  has  a  manually  adjusted  stroke  length.  The  heads, 
including  the  check  valves,  are  fully  jacketed.  In  addition,  the  pump  speed 
( ^  pneumatically  controlled. 


To  obtain  blended  feed  in  sufficient  quantity,  the 
blend  pump  speed  must  be  controlled.  This  is  done  by  pumping  blended  feed 
into  a  surge  tank  (T-113)  equipped  with  a  level  controller.  This  surge  tank 
supplies  feed  to  the  centrifugal  reactor  feed  pump  (P-102).  If  the  level 
In  the  surge  tank  becomes  too  low,  the  level  controller  c’lla  fn»-  a 
blend  pump  rate. 


The  surge  tank  (T-113)  is  a  30-gallon  stainless 
steel  drum  with  a  strap-on  steam  jacket  and  a  loose  lid.  Mounted  on  the 
lid  is  a  pneumatic  Foxboro  2-mode  Force  Balance  Transmitter  which  sends  an 
air  signal  to  the  pneumatic  speed  controller  in  the  blend  pumps. 


To  control  composition,  the  blended  feed  stream  from 
P-102  must  he  monitored  by  a  process  variable  that  reflects  the  AN/U  ratio. 
Since  there  is  a  significant  density  difference*  between  U  and  AN  melts,  it 
was  decided  to  use  density  as  a  measure  of  composition.  A  Dynatrol  density 
cell  was  selected  for  this  application. 


The  Dynatrol  is  essentially  a  vibrating  tube  with 
melt  flowing  through  it.  As  the  unit  mass  of  the  melt  changes,  the  fre¬ 
quency  of  vibration  of  the*  tube  also  changes.  The*  Dynatrol  has  excellent 
sensitivity  in  the  expected  density  range  of  1.2-1/*  gm/ec  with  an  ac¬ 
curacy  of  1  0.0005  specific  gravity  units.  The  Dynatrol  transmits  a  mill i - 
amp  signal  to  the  three-mode  Foxboro  (>211  controller  (CKC-1).  The  .  ont  rol¬ 
ler  generates  a  10-50  milliump  signal  which  is  fed  to  a  Foxboro  (>9TA-2i< 
e lec t r lc - 1 o-a i r  converter.  The  air  signal  1  rum  the  converter  is  then  split 
and  sent  to  the  pneumatic  stroke  controllers  on  the  two  blend  beads  of 
P-101.  The  stroke  controllers  arc-  set  so  that  one  piston  is  an  air-to- 
inc  rease  and  the  other  piston  is  an  air- 1 o- dec rease .  The  melt  composition 
signal  from  the  P/nat  r«>  1  is  recorded  t*y  a  Foxboro  n  iOO  two-pen  recorder. 


Till,  final  paii  oi  tin.  leeu  blending  and  meteiing 
system  is  a  flow  control  loop  to  regulate  the  feed  late  to  the  reactor 
tubes.  The  flow  sensor  in  this  loop  is  a  Koxhoto  K1JDM  integral  orifice  dp 
cell.  The  dp  cell  transmits  a  10-50  mi  It  lamp  signal  to  a  Foxboro  t  •  2  H  three¬ 
mode  controller.  The  10-50  mi  11  lamp  signal  iron  the  controller  is 


•■i*!ii  to  a 


Foxboro  69TA-2R  electric-to-air  converter.  The  3-15  psig  signal  from  the 
converter  operates  the  Fisher  flow  control  valve  (FRC-1).  The  signal  (pro¬ 
portional  to  flow)  from  the  dp  cell  is  also  recorded  on  the  Foxboro  6400 
two-pen  recorder. 


One  of  the  purposes  of  the  composition  control  sys¬ 
tem  is  to  be  able  to  demonstrate  the  effects  of  feed  composition  upsets  on 
the  overall  process.  Theoretically,  the  process  is  self-compensating  and 
is  not  necessarily  dependent  upon  controlling  tne  composition  of  the  makeup 
feed  stream.  The  composition  and  quantity  of  material  in  the  recycle  loop 
are  dependent  primarily  upon  conversion  of  urea  in  the  reactor.  At  an  as¬ 
sumed  urea  conversion  and  yield,  the  makeup  stream  composition  can  be  pre¬ 
determined. 


The  following  sketch  shows  the  BMR  guanidine  nitrate 
process  in  its  simplest  form  and  assumes  complete  conversion  of  urea,  1007. 
yield  and  no  GN  in  the  recycle  stream.  Note  that  values  are  in  moles. 
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Under  the  above  conditions,  a  steady  state  condi¬ 
tion  will  be  established.  If  the  recycle  stream  composition  changes,  then 
the  reactot  feed  composition  will  change.  This  will  result  in  a  k  nettle 
change  where  the  reaction  rate  will  favor  the  higher  concentration  compo¬ 
nent.  Consequently,  the  recycle  stream  composition  will  graduail>  return 
to  <  ►  -  '’■^iginal  composition.  The  effects  of  the  se  1 1 -compel  ating  featuie 
of  the  process  are  somewhat  dependent  upon  the  lags  of  4  he  system.  If  the 
recycle  stream  compositional  changes  are  small,  an  c!u,  .ate  control  system 
may  not  be  necessary.  On  the  other  hand,  the  eat  ima*  .*  lag  of  it>  hours  lot 
the  recycle  loop  could  make  the  control  system  mandate  •  v ,  >r  at  least  bene¬ 
ficial. 


18' 


(4)  Melt  Transfer  and  Feed  Pumps  CP- 100  and  P-102) 

The  pump  (P-100)  used  to  transfer  melt  from  the 
melters  to  the  hold  tank  is  a  Goulds  Model  3199  1x1x5  centrifugal  pump, 
this  pump  bas  a  fully  open  impeller,  contains  a  stuffing  box  filled  with 
Teflon  packing,  is  rated  at  10-gallons /minute  against  a  22-foot  head  of 
water  and  is  driven  by  a  1/2-hp  1750  electrical  motor.  The  reactor  feed 
pump  (P-102)  is  the  same  model  pump  but  with  a  higher  rating  (25-gallons/ 
minute  against  a  60-foot  head)  because  of  its  higher  speed  motor  (3/4-hp, 
3450  rpm) . 


2  Reactor  System 

Packed  bed  tubular  reactors,  designed  for  flooded  upflow 
operation,  were  selected  for  the  pilot  plant  since  they  were  so  success¬ 
fully  demonstrated  and  modeled  on  a  2-inch-diameter  scale  in  Phase  1. 
Stirred  tank  reactors  were  considered  for  the  pilot  plant  but  were  not 
selected  because  of  the  potential  safety  hazards  associated  with  large 
quantities  of  hot  reactor  melt.  (A  discussion  on  Stirred  Tank  Economics 
and  Safety  is  given  in  a  later  section  in  this  report.)  The  process  econo¬ 
mics  for  tubular  reactors  and  stirred  tanks  were  comparable. 


a  Design  Criteria 

(1)  Provide  sufficient  heat  and  catalyst  sur¬ 
face  area  to  yield  50  pounds  of  CN  per  hour. 

(2)  Select  material  of  construction  based  on 
previous  corrosion  studies. 

(3)  Provide  for  easy  catalyst  charging  and  clean¬ 
out  . 

(4)  Minimize  bypassing  of  individual  reactor 
tubes  by  having  inlet  ami  outlet  pressure 
to  all  tubes  Identical  for  each  stage, 

(5)  Measure  reactor  temperature  profiles  and  the 
differential  pressure  across  the  tubes  to 
provide  data  for  mathematical  model  compari¬ 
son  and  full-scale  plant  design. 

(t>)  Provid*.  for  operating  controls  on  the  re¬ 
actor  temperature  so  that  overheating  cannot 
oc  cur. 


Design  reactors  cons  latent  with  srletv  and 
hazai ds  ana  I  vs i  ,  . 


.  HU 
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Reactor  Design  Con  strain  t 

After  it  had  been  decided  to  employ  tubular  reactors,  the 
dimensions  of  a  reactor  tube  were  determined  consistent  vith  several  con¬ 
straints.  The  principal  constraint  on  the  reactor  tube  diameter  was  one  of 
heat  transfer.  Since  the  reaction  is  endothermic,  it  is  necessary  to  trans¬ 
fer. heat  through  the  tube  wall  to  the  contents  of  the  tube.  Simulation  work 
showed  that  in  tubes  larger  than  4  inches  in  diameter,  the  temperature  pro¬ 
file  was  too  steep  across  the  tube.  The  reactor  tube  simulation  work  did 
verify  that  4-inch-diameter  tubes  operated  with  a  200°C  wall  temperature 
had  a  satisfactory  temperature  profile.  Therefore,  4-inch-diameter  tubes 
were  selected  for  the  pilot  plant.  This  diameter  is  consistent  with  com¬ 
mercial  designs. 


The  length  of  the  pilot  plant  reactor  tubes  was  limited 
by  the  18  feet  of  available  head  room  in  Building  2204.  Another  considera¬ 
tion  was  that  the  catalyst  packing  should  remain  wetted.  If  the  reactor 
tubes  were  too  long,  then  at  some  point  there  would  be  too  much  gas  and  not 
enough  liquid  to  wet  the  packing.  The  other  factor  affecting  tube  length 
which  will  be  pertinent  in  the  design  of  the  commercial  plant  is  the  eco¬ 
nomic  balance  between  the  value  cf  production  from  an  incrementally  longer 
reactor  and  the  cost  of  this  additional  reactor  length.  In  the  first 
1-1/2  feet  (~  10  minutes  for  parallel  operation)  of  the  reactor  tubes,  the 
feed  is  preheated  from  ~  120°C  to  the  reaction  temperature  of  190°C.  The 
remaining  10  feet  of  the  reactor  tube  space  provides  the  approximate  2-hour 
reaction  time  required.  For  example,  a  urea  conversion  of  ca .  507  is  ob¬ 
tained  in  the  initial  5  feet  of  reactor  length.  At  the  8  to  10  foot:  level, 
conversion  changes  at  a  nominal  rate  of  about:  1-27.  per  foot.  The  use  of 
the  bottom  1  to  2  feet  of  the  reactor  l'o.  a  preheat  /one  was  believed  o  he 
more  efficient  than  a  separate  preheater,  and  will  have  only  a  small  etlcet: 
on  the  temperature  in  the  tubes.  (The  sensible  heat  of  preheat  represent:: 
only  ~  107,  of  the  endothermic  heat  of  reaction.)  Another  favorable  aspect, 
of  this  scheme  is  that,  at  reaction  temperature  and  In  the  absence  of 
catalyst,  it  reduces  feed  residence  Lime  to  zero. 


A  computer  run  was  made  to  explore  the  feasibility  oi 
using  the  bottom  section  of  the  reactor  tube  as  a  preheater.  Since  the 
melt  velocity  through  the  tubes  is  low  (/-lb  minutes  residence  t  inn  tor  the 
first  2  feet),  It  was  found  that  the  teed  temperature  i nc  t  eases  rapidly  as 
soon  as  it  is  exposed  to  the  195-20()°C  jacketed  reactor .  Within  1  to 
1-1/2  feet,  the  temperature  has  reached  its  desired  value.  S  i  tie  e  two  ad¬ 
ditional  feet  were  added  'o  the  reactor  lor  the  preheat  t  Meet  ,  the  result  is 
still  a  10  foot  plus  rear  l  .  section  with  tin  advantages  ot  limited  teed 
con tat  t  time  at  elevated  noni  "active  temperatures. 

After  allowing  tor  the  teed  manifold:.,  t  lie  gu.-i  -  1  i  qui  d 
separators,  and  clearances  lot  nut  i  ntenanee .  tear  tor  tubes  measuring  12  left 
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in  length  with  an  11-foot  jacket  wer  :  specified  for  the  pilot  plant.  Simu¬ 
lation  results  showed  that  the  single-stage  urea  conversion  in  an  11-foot, 
4-inch-diameter  tube  fed  with  cold  feed  (100°C)  and  with  a  200°C  wall  would 
be  about  77.9%  and  the  yield  would  be  about  85.9%.  The  data  from  the  11- 
foot  tubes  will  be  more  than  adequate  to  refine  the  simulation  program 
which  can  then  be  used  to  design  tubes  of  any  length  for  the  commercial 
p lant . 


Eight  reactor  tubes  (R-200  -  R-208)  were  required  t.o  pro¬ 
duce  at  least  50  pounds  of  dry  GN  per  hour. 


£  Reactor  Configuration  (R-200  -  R-208) 

The  eight  reactor  tubes  were  installed  in  parallel  as 
two  sets  of  four  tubes  each  (see  Figuie  54).  These  two  sets  of  reactors 
were  designed  so  chat  they  could  he  operated  in  either  parallel  or  in  se¬ 
ries.  The  simplest  reactor  configuration  would  be  all  eight  tubes  in  paral¬ 
lel.  However,  by  operating  the  two  stages  in  series,  i.e.,  feeding  one- 
half  of  the  urea  to  each  stage,  it  was  believed  it:  would  be  possible  to 
obtain  higher  yields  by  minimizing  the  formation  of  water  insolubles. 
Another  reason  for  series-staged  operation  is  to  use  the  reactor  volume 
more  efficiently  by  removing  gas  between  stages.  During  stagewise  opera¬ 
tion,  melt  from  the  first  stage  gas- liquid  separator  would  gravity-flov  to 
an  interfeed  tank  ( T - 114) .  For  total  parallel  operation,  the  melt  from  the 
two  separators  flows  directly  to  the  quench  tank  (T-105). 


d  Details  of  Reactor  System  Construction 


There  were  several  important  design  considerations  af¬ 
fecting  the  design  of  the  reactor  system.  One  of  the  most  important  was 
that  the  dynamic  pressure  drop  across  each  reactor  tube  in  a  stage  should 
be  identical  to  minimize  1 i quid  feed  bypassing  any  one  tube.  It  was  later 
realized  (Phase  III  operation)  that  t  he  dynamic  pt «  ssure  drop  was  so  small 
in  relation  to  the-  static  pressure-  dron  (bed  plus  liquid  heights)  that  uni¬ 
form  splitting  of  feed  to  the  individual  reactors  is  a  problem  without  a 
separate  control  1  oop  for  each  reactor.  base  «>1  dismant  ling  the  reactor 
tubes  and  in-place  catalyst  charging  or  dumping  were  also  very  important 
considerations.  Further,  a  positive  indicatoi  showing  a  flow  or  no- f low 
condition  was  needed  in  each  tube.  Temperature  pvotilc  and  pressure  drop 
data  are  also  needed  tor  comparison  w  i  t  it  tin  simulated  results.  Lastly, 
fabrication  cost,  s  Were  to  be  minimized  bv  using  schedule  10  pipe  for  the 
headers  since  the  ope t  at ing  pressure  is  low. 

A  2-inch  t  ced  header  was  spec i lied  to  minimize  dynamic 
pressure  drop  in  the  header  between  react  ot  tubes.  fin-  header  design  in¬ 
cluded  almost  total  steam  jacket  Ing  ,  vuLvcd  no.,  les  tor  r,,ntoi  draining, 
shut  of  i  valves  to  each  reactor  and  a  lle.sible  connect,  inn  w  i  t  h  valve  to 
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isolate  the  two  banks  of  reactors.  The  shutoff  valves  were  specified  so  that 
when  a  plug  or  partial  plug  developed  in  a  particular  tube  during  a  run,  flow  to 
the  affected  reactor  could  be  terminated,  the  flow  rate  decreased,  and  the 
run  continued  with  the  results  evaluated  on  a  reduced  tube  operation  basis. 
Catalyst  support  spool  pieces  were  provided  to  adapt  the  1-inch  feed  nozzles 
to  the  4-incb  reactor  tubes  and  retain  the  catalyst  in  place  when  the  feed 
header  is  disconnected. 


The  eight  reactors  were  fabricated  from  Schedule  40,  4- 
inch- diameter  pipe  with  Schedule  10,  6-inch  jackets  (11-1/2  feet  long). 

Seven  of  the  tubes  were  constructed  of  304  stainless  steel  and  t_he  eighth 
one  was  constructed  of  316  stainless?  steel.  The  all  stainless  construction 
was  specified  because  of  the  difference  in  the  thermal  coefficient  of  ex¬ 
pansion  between  carbon  steel  and  stainless  steel.  The  use  of  a  carbon  steel 
jacket  would  have  necessitated  expensive  expansion  ioints.  Two  of  the  re¬ 
actors  (R-200  and  R-204)  were  designed  with  a  series  of  thermocouple  con¬ 
nections  (12  each)  for  temperature  profile  data  while  the  remaining  six 
reactors  were  designed  with  a  single  thermocouple  in  each  reactor  (18 
inches  from  the  bottom  flange) . 


Temperature  profile  measurements  were  required  to  con¬ 
firm  the  kinetics  model  that  was  developed  during  Phase  I,  The  thermo¬ 
couples  were  strategically  located  based  on  observed  and  calculated  tempera¬ 
ture  profiles.  Thermocouples  were  more  closely  spaced  at  the  bottom  of  the 
leactor  since  the  endotherm  is  the  greatest  at  this  point. 


The  reactors  were  designed  for  3.10  psig  rating  and  con¬ 
formed  to  the  AS ME  Boiler  code .  The  jacket  steam  inlets  we  re  designed  to 
prevent  steam  impingement  on  the  reactor  tube,  so  that  hot  spots  would  not 
result 


The  outlet  headers,  which  also  double  as  gas-liquid 
separators,  were  designed  so  that  tie  pressure  drops  between  the  tubes  and 
the  separators  would  be  i  dent  teal  ..  Two-  i  neb- d  i  ame  t  <■  r  ,  Sehedule  10,  304 
stainless  steel  elbows  ate  used  lot  the  comic  1  i"!i.  bet  \  eett  the  re  at  tor 
tubes  and  the  separators,  which  are  ui  ki-tc  u  h.  t  , .  ..r.ta  1  j. :  <  es  •>}  6-  i  nc  h- 
diameter.  Schedule  It)  stainless  steel  pipe.  'I  he  u:  <■  .>i  e!!n>w:.  r.  itliei  than 
a  straight- m  construction  allows  the  react  or  tubes  to  be  char ged  or  dis¬ 
mantled  without  moving  the  separitors.  The  4-iiub  ofi-ens  line  and  1  -  inch 
product  melt  line  wete  amply  sized  to  handle  the  gases  and  melts  from  tour 
reactors.  Low-pressure  (  10  ps  i  • )  stainless  steel  i  tip  I  mv  discs  were  also 
specified  lor  each  gas- liquid  :  epar.it  or  . 


The  separitors  weir  adequat  t  ’ v  ,  .<«•<)  based  on  the  re¬ 
sults  observed  i’l  the  2-  lnch-iliame!  el  glass  tee  used  in  the  Phase  I  work. 
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The  2-inch-diameter  reactor  work  showed  that  the  separation  problem  was  one 
of  breaking  the  foam  in  the  reactor  melt.  Velocity  in  the  6-inch  separator 
should  have  been  one-half  of  that  observe.’  in  the  2- inch-diameter  bench- 
sca  .e  separator.  Residence  would  be  doubled.  This  separator  design  has 
one  important  advantage  over  a  tee-type  design  in  that  the  reactor  product 
enters  well  above  the  liquid  level,  thus  preventing  backward  drainage  into 
an  inoperative  tube. 


The  entire  reactor  system  was  well  heated  (jacket  and 
tricing)  and  insulated.  The  reactor  tabes  have  about  2  inches  of  insula¬ 
tion  covering.  The  elbows,  spool  pieces,  gas-liquid  separators,  off-gas 
lines  and  reactor  product  melt  lines  were  steam  traced  and  insulated.  A 
ht at  transfer  cement  was  used  in  conjunction  with  tracing  to  improve  over¬ 
all  heat  transfer. 


The  system  was  designed  to  explore  the  interstage  feed¬ 
ing  concept.  Wien  the  two  hanks  of  reactors  were  to  be  operated  stagewise 
with  fresh  urea  interfeeding ,  the  melt  from  the  first  stage  separator  would 
flow  to  the.  interfeed  surge  tank  (T-114).  This  surge  tank  is  a  custom- 
built,  304  stainless  steel,  8-gallon  tank  fitted  with  a  Foxboro  force- 
balance  bouyancy  level  transmitter.  A  small  Hills-Mc.Canna  piston  pump 
(P-114)  is  located  below  this  tank  to  transfer  melt  from  the  interfeed 
surge  tank  to  the  second  reactor  stage.  The  melt  in  T-114  would  be  a  com¬ 
bination  of  the  first  reactor  stage  molt  overflow  and  fresh  feed.  The 
fresh  feed  is  supplied  to  tills  system  via  the  Lhird  head  (manual  stroke 
head)  of  the  feed  blending  pump  (P-101). 


3  Melt  Product  Workup  System 

The  effluent  stream  from  the  reactor  is  a  hot:  (~  190°C)  melt 
containing  GN,  biuret,  aaune lido  and  unreacted  AN  and  U.  Two  methods  for 
recovering  the  GN  from  the  inelt  were  investigated  during  Phase  I:  (1)  eutec¬ 
tic  plus  aqueous  crystallization,  and  (2)  single-stage  aqueous  crystalliza¬ 
tion.  It  was  found  that  a  99  mole  7.  purity  product  (GN)  resulted  from  the 
dual  eutectic-aqueous  crystallization  operation  with  an  overall  GN  recovery 
(eutectic  plus  aqueous)  of  about  707,.  Numerous  experiments  were  performed 
where  only  aqueous  crystallization  was  employed  to  recover  GN  from  crude 
melt.  Guanidine  nitrate  of  98  to  99  mole  7.  purity  was  obtained  from  a 
single  aqueous  cyrsta 1 1 ization  with  an  overall  recovery  or  crystallization 
yield  of  75%  to  80%.  The  total  water  addition  to  the  recovery  system  was 
about  the  same  tor  both  processes.  Preliminary  <  «si  analyses  indicated 
that  the  single  aqueous  crystallization  '-oerat  i  on  re  cu  i  t  s  in  a  reduced  mill 
cost  of  about  0.3<//lb  GN ,  This  cost  rethu  t  1  >n  i  in  imaet  1  the  rose.  It  o  i 
reduced  plant  investment  and  elimination  o|  excess  .uca  recycle.  It  should 
be  noted  that  single  aqueous  crystallization  also  eliminates  a  potential 
hazard  in  the  form  of  a  hot,  mechanically  agitated  eutectic  mixture  of 
cue r go  t  i  c  mu  t.  e  rials. 
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It  was  elected  to  gravity  discharge  the  hot  reactor  effluent 
directly  into  temperature-controlled  (80°C)  water  contained  in  an  agitated 
tank  (T-105).  The  purpose  of  the  80" C  temperature  was  to  maintain  every¬ 
thing  but  water  insolubles  (e.g.,  ammelide)  in  solution.  Water  makeup  to 
the  tank  is  continuous  and  proportioned  to  the  reactor  melt.  flow.  Residence 
time  in  the  water  quench  tank  is  not  critical. 


The  water  solution  in  the  quench  tank  is  pumped  at  a  rate 
proportional  to  its  level  in  T-105,  co  an  insolubles  separator  .?  id  then  to 
a  crystallizer  hola  tank.  Pump  rate  is  determined  by  a  level  controller 
with  an  output  signal  to  a  control  valve.  From  the  crystallizer  hold  rank, 
batch  charges  are  drawn  and  fed  to  the  vacuum  crystallizer  at  a  time  cycle 
proportioned  to  the  plant  capacity.  At  full  operating  capacity,  a  transfer 
would  be  made  every  four  hours. 


a  Design  Criteria 

1)  Aqueous  Quenching  of  Reactor  Product  Melt 

(a)  LC  system  same  as  for  feed  surge  tank. 

(b)  Hut  aqueous  quench  solution  pur  to  feed 
water  insolubles  separator  to  be  an  open 
impeller  centrifuge  with  a  packed  stuff¬ 
ing  box  rated  for  10  gpm  against  a  22-ft 
head . 

(c)  Water  quenched  product  to  he  fed  to  a 
tank  at  a  rate  proport  tonal  to  the  ex¬ 
pected  reactor  melt  rate. 

(d)  Jacketed  JJJ  stainless  steel  vessel 
with  agitation  required  to  hold  30-60 
minutes  ol  quenched  solut  ioi 

(e)  A  tempered  water"  system  to  control  tank 

content  s  a  t  80-9  (' . 

2  )  Se  pa  rat  ion  ol__W.a  _e_r _ I  n;,y  lul  >J^u. _ M  ov  i_  A  quo  oils  t^u  enc  h 

Ma  t  e r i a  1 


(a  „•  Known  data  on  insolubles  separation  proh 

1  ein  . 

(!)  hot  aqueous  solution  to  he  about 
21  gph  and  ruii| .l:  n  ’•  O.S  wt  .  / 

l  iimi  1  uh  1  cs  pa  .  i  i  s  . 

(2)  Solution  t t mpei at u i e  to  lu  main¬ 
tained  at  bV’t:  to  prevent  i  rvsi.il  - 
1 i  -at  i on  . 

(i)  Particle  i .  e  •  >  i  watei  i  n. . ,  >  1  uh  1  e  s 
l  ('  he  !  -  2  i::  i  (  I  on  . 
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(4)  Particle  of  water  insolubles  to  have 
a  density  of  ca  1.7  gm/cc. 

(5)  Aqueous  quench  solution  density  to 
be  ca .  1.3  gm/cc  . 

( b )  basis  for  Selecting  Centrifuge  Instead 

of  Filter  for  Insolubles  Separations 

(1)  Laboratory  work  performed  during 
Phase  I  showed  that  the  insolubles 
particles  were  fine  and  compres¬ 
sible  and  that  they  plugged  filters 
easily . 

(2)  Insoluble  solids  could  be  removed 
by  filtration;  however,  operating 
problems  would  be  encountered  be¬ 
cause  of  the  physical  characteris¬ 
tics  of  the  material.  Filtration 
would  require  sophisticated  equip¬ 
ment  and/or  costly  operations. 

(3)  Since  there  is  a  significant  dif¬ 
ference  in  density  between  particles 
and  the  solution,  a  solid  bowl  cen¬ 
trifuge  would  clarify  the  solution 
efficiently  and  predictably. 

( c )  Solid  Bowl  Centrifuge  Specifications 

(1)  Low  flow  rates  and  solids  content 
require  a  small  laboratory  size 
machine  . 

(2)  Solius  holding  capacity  should  be 
0.1  Lo  0.2  ft. -3  (2-4  hrs  . )  . 

(3)  Decanted  solution  should  be  clear. 

(4)  The  De Laval  Laboratory,  316  stain¬ 
less  steel,  variable-speed  bowl 
(12  inch)  centrifuge  met  the  above 
spec i 1 i eat  ions  . 


3 '  6h  ys  t  a  I  liter  Feed  He.  Id  Tank 

(.:)  Bunb  I  e  - 1  y  pe  indicator  to  he  used  lot 
I  eve  1  mop i t or i ny . 

(I.)  Crystallizer  teed  pinup  I  o  he  an  open  i  in  ■ 
pel  lei  rent  i  iiuge  s  i  nu  J  1 1  to  tin'  aque¬ 
ous  quench  mint  ion  pump. 

( i  )  Cupai  itv  ol  tanks  to  he  suitirient  tor 
about  two  bat  ih  c  i  v.t  a  1  1  i  .•  e  r  i barges 
(  'Oil-  (no  ,  a  !  1  oiis  i 
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4 )  Crystallizer  For  Recovery  of  Guanidine  Nitrate 

(a)  Supersaturat ion  to  be  achieved  by  evapo¬ 
rative  cooling,  thus  eliminating  heat 
transfer  surfaces  which  can  foul  due  to 
crystal  growth. 

(b)  Mechanical  pumps  or  water  eductor  to  be 
used  to  provide  vacuum. 

(c)  Circulation  in  the  crystallizer  must  be 
good . 

(d)  Operation  to  be  done  on  batch  basis  only 
since  the  correct  batch  data  can  be  re¬ 
liably  used  for  design  of  continuous 
crystallizers . 

(e)  Material  of  construction  to  be  selected 
so  unit  is  compatible  with  Phase  I  cor¬ 
rosion  results. 

jb  Description  of  Equipment  Selected  For  GN  Recovery 
1 )  Aqueous  Quench  System 

The  function  of  the  quench  tank  is  to  dissolve  the 
liquid  melt  from  the  reactors  in  water  to  produce  a  hot  aqueous  solution. 

After  processing  to  remove  insoluble  compounds,  this  hot  aqueous  solution  is 
fed  to  a  crystallizer.  Although  the  actual  quenching  of  melt  in  water  is  a 
simple  ope  rat  *',n,  the  two  streams  must  be  mixed  in  definite  proportions.  Tea 
much  water  decreases  the  crystallizer  yields,  and  too  little  water  results  in 
low  purity  and  potentially  precipitation  in  transfer  lines.  Good  tempera¬ 
ture  control  chiring  the  quench  operation  is  required.  High  temperatures 
facilitate  urea  hydrolysis,  and  temperatures  too  close  to  the  crystallization 
point  would  cause  operational  problems.  In  addition  to  its  quenching  func¬ 
tion,  this  vessel  also  serves  as  a  hold  tank  tor  the  insolubles  separator 
(S-3C0).  This  buffer  tankage  is  necessary  since  the  solid  bowl  centrifuge 
operates  on  a  semi -continuous  basis.  When  the  solid  howl  centrifuge  is  operat¬ 
ing,  the  rate  of  feed  to  it  is  regulated  to  prevent  overloading.  Overload¬ 
ing  the  centrifuge  results  in  passage  of  insolubles  to  t  lie  crystal  1 izer . 


The  selected  agitated,  jacketed  quench  tank  (T-i().b) 
has  a  capacity  oi  30  gallons.  This  size  provides  suliicient  buffer  capacity 
and  allows  for  the  installation  oi  an  internal  level  controller  (LC-  I0.r>)  .  Agi¬ 
tation  it,  necessary  to  provide  a  tint  form  solution  .tiul  good  heat  transfei  . 

The  hot  aqueous  solution  from  tin  quench  tank  is  about  two  parts  of  me  1 1 
and  one  part  of  fresh  water.  Since  the  product  melt  anil  quench  water  go  to 
another  buffer  tank  (T-lOu)  alter  mixing,  (2-luu;i  holdup),  only  an  average 
blend  is  required  in  T-10‘i.  These  hr  tors  eliminate  a  cost.lv  control  .system. 
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The  fixed,  mounted  agitator  (M-105,  1750  rpm)  speci¬ 
fied  for  the  quench  tank  is  the  same  as  that  for  the  recycle  feed  tank.  The 
level  controller  is  identical  to  the  one  use  for  the  recycle  feed  tank.  A 
No.  6  Brooks  Shc-Rate  150  rotometer  (FI-105)  with  a  R-6-15-B  tube  and  B55 
flow  controller  is  used  to  monitor  and  control  the  water  feed  rate  to  the 
quench  tank.  A  size  B,  5/8  x  1/2  American  water  meter  is  used  to  measure 
the  accumulated  volume  of  water  charged  to  the  tank  (T-105).  A  Goulds 
centrifugal  pump  (P-104)  is  used  to  transfer  hot  solution  from  the  quench 
tank  to  the  solid  bowl  centrifuge  (S-300)  and  subsequently  to  the  crystal¬ 
lizer  feed  tank  (T-106).  The  control  valve  after  the  transfer  pump,  which 
is  actuated  by  level  controller  (LC-105),  is  a  Research  Controls  type  simi¬ 
lar  to  ones  used  in  the  feed  system. 


The  quench  tank  has  a  bolted-on  head  and  is  vented 
to  the  reactor  off-gas  system.  The  solution  in  the  quench  tank  is  maintained 
at  about  90°C  by  circulating  hot  water  (85-95°C)  through  the  jacket.  This 
hot  water  is  supplied  by  a  tempered  water  system. 


2)  Insolubles  Separator  (S-300) 

Due  to  urea- urea  side  reactions,  some  by-product 
compounds  are  formed.  These  compounds  are  members  oL  the  cyanurie  acid 
family,  the  principal  one  being  ammelide.  They  are  relatively  insoluble  .in 
the  hot  aqueous  solution  and  their  particle  size  i,  as  small  as  1-2  microns. 
If  not  removed,  these  insolubles  may  provide  sites  for  nucleation  in  the 
crystallizer  auu  „ouid  cuu»<_  oui.  the  system  as  a  product  impurity.  Ex¬ 
cessive  quantities  of  nuclei  will  tend  to  produce  small  guanidine  nitrate- 
crystals  and  plug  the  filter  media  during  centrifugation  of  the  GN  slurry. 

Both  filtration  and  centrifugation  were  considered  as 
a  means  of  removing  the  insolubles.  However,  because  tin-  particle  sizes 
were  small  and  the  particles  tended  to  compress  and  blind  filters,  removal 
by  filtration  would  probabl-  be  troublesome  and  requilt,  too  much  manpower. 
Removing  the  insolubles  in  <  solid  bowl  centrifuge  is  a  simpler  solu¬ 

tion.  The  centrifuge  operates  on  a  semi-iuntinuous  basis.  Clear  solution 
is  continuously  decanted  from  the  centrifuge  until  solids  fill  the  howl  and 
reach  a  level  where  the  separator-  heconu  e  unacceptable . 


The  centrifuge  was  si. -id  to  minimize  the  number  of 
times  per  shift  a  howl  must  he  changed.  Since  *  he  solids  rate  was  expected 
to  be  about  0.05  ft  Vhr,  a  bowl  with  0.1  t  o  0.2  ft  *  of  solids  capacity  was 
selected.  The  centrifuge  is  able  to  handle  feed  rates  of  about  ?0  gph,  pro¬ 
ducing  a  nearly  complete  separation  ol  the  solids  A  Del.  ivu  l  /ATM  Mode  1  12 

laboratory  basket  centrifuge  was  selected  for  the  insolubles  separator  (S- 
300).  This  machine  holds  up  to  0.2  it  '  ol  solids  ucd  produces  centrifugal 
forces  of  450-1800  g.  Almost  complete  rejection  ol  particles  of  one  mi¬ 
cron  n  diameter  is  expected.  Bowl  changes  may  he  as  often  as  1  our  times  pet 
shift.  The  variable-  speed  option  enables  the  be st  condition-:  tor  separation 
to  be  determin'd. 

I ‘i;. 


Since  this  centrifuge  is  a  small  laboratory  machine, 
it  was  mounted  over  the  crystallizer  feed  tank.  Clear  solution  from  the 
centrifuge  flows  by  gravity  and  centrifugal  force  through  a  steam-traced 
pipe  into  the  crystallizer  feed  hold  tank  (T-106).  It  was  not  necessary  to 
trace  this  machine  since  the  temperature  drop  across  it  will  be  only  5°C. 


3)  Crystallizer  Feed  Tank  (T-106) 

The  primary  purpose  of  this  tank  is  to  accumulate  and 
hold  aqueous  crystallizer  feed  solution  at  90°C.  In  addition,  this  tank  is 
the  main  buffer  zone  between  the  continuous  reactors  and  the  quench  tank 
system  and  the  GN  workup  steps  which  operate  Gatchwise. 


A  200-gallon  jacketed  and  agitated  tank  was  specified 
for  this  service.  It  holds  two  crystallizer  batches  of  solution  (enough  for 
slightly  more  than  8  hours  of  production).  The  tank  is  equipped  with  a 
loose  metal  cover  and  a  portable  N33-33G  gear-driven  Lightnin  mixer  (1750 
rpm) .  The  level  in  the  crystallizer  feci  tank  was  monitored  with  a  gas 
bubbler  connected  to  a  water  manometer.  A  Goulds  centrifugal  pump  (P-106) 
is  used  to  transfer  solution  from  the  feed  tank  to  the  crystallizer.  The 
solution  transferred  is  pumped  through  Fulflo  polishing  filters  (S-106). 

Model  L203-3/4  filter  housings  are  used.  This  type  of  housing  holds  20- 
micron  Cotton  honeycomb  tubes.  These  filters  remove  any  miscellaneous  con¬ 
taminants  as  well  as  any  insolubles  which  pass  through  the  solid  bowl  centri¬ 
fuge  . 


4  )  Guanidine  Nitrate  Ctyst  allizor  (A- 500) 

The  main  design  criterion  for  the  crystallizer  was 
that  supersaturation  was  to  be  ootained  by  evaporative  cooling,  thus  elimi¬ 
nating  heat  transfer  surface  fon  1  -  prof,  lems  .  In  addition,  operation  of  the 
crystallizer  was  to  be  versatile  so  that  GN  crystal  size  could  be  varied. 

The  crystallizer  is  operated  on  a  batch  basis,  hut  the  data  obtained  are 
applicable  for  design  of  either  batch  or  continuous  full-scale  crystallizers. 
Another  important  design  consideration  is  the  degree  of  circulation  of  mix¬ 
ing  in  the  crystallizer  required  to  achieve  uniform  results. 


A  Swenson,  pilot-plant  size,  dr  ift  tutu*  crystallizer 
was  selected.  The  crystallizer  is  2  feet  in  diameter  and  12  feet  high,  with 
a  100-gallon  working  capacity  (about  one-third  o!  the  total  volume).  The 
blade  of  a  bottom-mounted  agitator  is  positioned  at  the  bottom  of  a  12-inch- 
diunieter  draft  tube.  This  provides  thorough  circulation  up  through  the  tube 
to  the  boiling  surface  and  hack  down  between  the  tube  and  the  vessel  walls. 
Vacuum  service  for  the1  crystallizer  is  provided  by  a  set  oi  mechanical 
vacuum  pumps  (Stokes  40  CFM  Mlcrovac  emits;  F-llfiA  and  P-llhb).  The  pres- 
sur*  in  the  crystallizer  is  controlled  by  manually  adjust ing  an  air  bleed 
in  tin  vacuum  system.  The  crystallizer  operating  pressure  (atmospheric  to 
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10  mm  Hg  absolute)  determines  the  crystallizer  temperature.  The  water  evap-  | 

orated  is  condensed  and  collected  in  a  set  of  8-gallon  stainless  steel  re-  f 

ceivers  (T-116A  and  T-116B).  The  condensers  are  cooled  by  an  ethylene  j 

glycol  water  recirculating  system  that  is  chilled  with  a  10-ton  Edwards  § 

Engineering  packaged  water  chiller  (J-lll).  The  chiller  is  located  in  the  f 

utility  building,  approximately  120  feet  from  the  process  building.  I 
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The  product  from  the  crystallizer  after  completion  of  * 

a  cooling  cycle  is  pumped  to  a  basket  centrifuge  (S-600).  The  pump  selected 
for  this  step  is  a  Goulds  Model  3199-1x1x5  centrifugal  pump  with  a  mechani¬ 
cal  seal  and  a  fully  open  impeller.  The  open  impeller  design  minimizes  ex¬ 
cessive  crystal  size  reduction  in  the  transfer  operation.  Since  the  slurry 
from  a  crystallizer  batch  cannot  be  all  processed  in  one  centrifuge  batch 
(four  are  required),  a  circulating  loop  is  provided  to  keep  the  slurry  in 
motion  through  the  lines  during  the  intermediate  periods. 


4  GN  Product  Recovery 

The  guanidine  nitrate  crystals  are  removed  from  the  crys¬ 
tallizer  slurry  via  a  GN  Basket  Centrifuge  (S-600).  The  recovered  wet 
solids  are  then  fed  to  the  feed  hopper  of  the  GN  dryer  (A-700).  The  centri¬ 
fuge  mother  liquor  containing  water,  AN,  U  and  GN  is  pumped  to  an  evaporator 
feed  hold  tank  (T-107). 


a  Design  Criteria 
1 )  GN  Centrifuge 


5 

(a)  A  257;,  GN  solids  slurry  to  be  centri-  j 

fuged  and  thoroughly  water  washed  to  > 

yield  wet  cake  with  a  GN  purity  of  -.977, 

(dry  basis).  ! 

(b)  Total  time  to  centrifuge  a  crystallizer 
batch  to  be  one  hour. 

(c)  The  machine  to  be  easy  to  operate  and  | 

intrinsically  safe. 

(d)  Material  of  const luct ion  to  be  selected 
recognizing  the  findings  of  corrosion 
studies . 

(e)  The  slurry  content  and  production  levels 
In  both  tin.  pilot  plant  and  die  com¬ 
mercial  plant  to  be  suitable  for  batch- 
operated  (either  manual  or  automatic) 
basket  centrifuges .  Batch  ope  rat  ion 
also  gives  the  option  for  a  very  eifi- 
cient  water  wash,  if  necessaiy.  One 
such  type  of  centrifuge  is  the  inverted 
(vertically  mounted)  basket  cetiirilugc. 

Solids  are  discharged  out  the  bottom  by 
using  a  plow. 
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(f)  A  basket  about  26  inches  in  diameter  was 
required  for  the  pilot  plant. 

(g)  Cycle  times  of  5-10  minutes  were  desir¬ 
able  (15-25  gallon  of  feed). 


2)  (31  Dryer 


The  design  approach  taken  to  select  tne  dryer  for  the 
guanidine  nitrate  pilot  plant  is  slightly  different  than  Hercules'  normal 
approach.  The  procedure  normally  followed  would  have  been  to  determine  dry¬ 
ing  rates,  particle  size  and  qualitative  handling  characteristics  in  bench 
scale  studies  and  then  to  conduct  candidate  dryer  vendors’  tests  during 
pilot  plant  operation  with  "real"  process  material.  The  result  of  this 
procedure  is  a  dryer  selection  suitable  for  a  commercial  plant.  The  ad¬ 
vantages  of  performing  drying  tests  in  vendor's  equipment  are  to  assess  the 
effect  of  physical  handling  on  the  product  and  to  determine  any  tendencies 
of  the  product  to  cake,  dust,  etc.  Because  the  product  is  a  Class  7  Explo¬ 
sive,  it  was  not  practical  to  consider  testing  different  type  of  dryers  at 
vendor  sites.  Rentao.  of  some  units  for  in-plant  trials  could  have  been 
arranged;  however,  the  timing  of  the  pilot  plant  program  (in  conjunction 
with  planned  production  plant  design)  precluded  this  course  of  action.  A 
pilot  plant  GN  dryer  selection  was  based  on  laboratory  drying  data,  analys  s 
of  problems  that  often  producers  have  had  in  drying  GN,  contact  with  qual' 
ried  dryer  vendors,  and  engineering  judgment. 


b  Description  of  SelecLed  Equipment  for  GN  Recovery 
1 )  GN  Centrifuge 

A  centrifuge  is  used  to  remove  GN  crystals  from  an 
aqueous  slurry  containing  crystalline  and  dissolved  GN,  ammonium  nitrate  and 
urea.  The  crystals  separated  should  be  as  pure  and  dry  as  possible.  Purity, 
of  course,  can  be  improved  by  efficient  washing.  One  oi  the  main  reasons 
for  using  a  centrifuge  instead  or  a  filter  is  that  the  high  acceleration 
loads  and  windage  through  the  c_ke  result  in  low  cake  moisture  levels  (S10‘7.). 
Moisture  levels  in  this  range  have  been  demonstrated  by  others.  As  a  rule, 
it  is  more  economical  to  remove  water  mechanically  rather  than  in  a  dryer. 
Because  of  overall  manpower  requirements  in  the  pilot  plant,  the  GN  centri¬ 
fuge  (S-600)  was  sized  so  that  it  requires  only  about  2  hours  of  operation 
per  shift.  The  two  crystallizer  hatches  completed  per  shift  would  produce 
about  A00  pounds  (8  ft.  J)  of  wet  centiiluge  cake.  For  reference,  each 
crystallizer  batch  (A-hour  cycle)  contains  100  gallons  of  slurry  or  aho.it 
200  pounds  of  GN.  Centrifugation  requires  four  hatches  or  cycles  oi  50 
pounds  GN/cycle  and  15  minutes  /eye  1  e  .  Bat,  h  time  tor  ,i  basket  cent,  r  ■  luge 
is  15  minutes  at  most;  therefore,  a  centrifuge  with  about  a  l  It  i  bask-t  was 
needed.  Since  purity  and  drainage  rates  for  the  GN  cake  we i e  unknown , 
flexible  i  barge ,  spin,  wash  and  spin  eye les  were  provided.  To  have  an  ex¬ 
tremely  flexible  centrifuging  eye  It  ,  a  batch  basket  machine ,  namely,  the 
Do  Lava  l  ATM  Mark  III  l  ink- suspended  <:  t  nt  r  i  i  age  ,  was  se  1  n  ted.  This  cent  r  i  l  uge 


ha*  a  perforated  22  inch  x  26  inch  (1-1/2  ft^  solid?  capacity)  basket  and  a 
variable-speed  hydraulic  drive.  It  is  equipped  with  safety  interlocks  on 
the  lid,  a  wash  nozzle  and  a  manually  actuated  plow.  Solids  are  discharged 
from  a  bottom  port.  Another  feature  of  this  machine  is  that  process  mater¬ 
ial  cannot  enter  bearing  areas.  All  internal  bolts  and  nuts  are  wired,  and 
all  clearances  carefully  evaluated.  The  link  suspension  feature  keeps  the 
basket  from  hitting  the  curb  (housing)  in  the  case  of  imbalance. 


2)  GN  Dryer  (A- 700) 

During  Phase  1,  only  a  limited  amount  of  drying  work 
was  done  since  it  was  believed  that  rotary  steam  tube  dryers  had  been  tested 
and  used  successfully  in  the  British  aqueous  fusion  process.  However,  an 
English  report  on  drying  of  guanidine  nitrate  centrifuge  cakes  in  rotary 
steam  tube  dryers  noted  that  problems  were  encountered  in  handling  both  wet 
and  dry  GN.  The  report  stated  that  wet  feed  clogyed  the  dryer  If  the  rela¬ 
tive  humidity  of  the  exit  air  was  higher  than  60%  at  60°C.  As  the  ammonium 
nitrate  concentration  of  the  feed  increased,  so  did  the  clogging  problems. 

At  the  discharge  end  of  the  dryer  it  was  observed  that  the  steam  tubes  be¬ 
came  glazed  when  the  operating  temperatures  were  greater  than  115°C.  This 
glazing  was  apparently  due  to  the  nw»1ftno  of  a  onferf- ir  mixfnrp  r<f  GN  and 
AN.  As  little  as  1%  AN  in  the  final  product  aggravated  this  problem.  An¬ 
other  observation  made  was  that  both  the  wet  and  dry  material  tended  to 
stick  to  all  types  of  surfaces  they  tested,  including  polished  metals. 

(Note:  Confirmatory  results  are  reported  later  in  this  report  on  the  above 
systems  based  on  work  done  during  Phase  III  of  this  program.)  The  report 
concluded  that  steam  tube  dryers  could  he  successfully  used  to  dry  GN  if 
proper  operating  conditions  were  used.  This  meant  that  the  relative  humi¬ 
dity  of  the  countercurrent  air  must  be  limited  to  prevent  clogging  at  the 
feed  end  of  the  dryer  and  the  tube  wall  temperature  should  not  exceed  115°C 
to  prevent  glazing  of  the  tubes.  Formation  of  ON  clumps  between  the  tubes 
was  also  a  serious  problem. 

During  a  trip  to  England  by  Hercules  Incorporated  and 
the  U.  S,  Government  personnel,  it  was  learned  that  a  steam  tube  dryer  per¬ 
formed  poorly  during  British  aqueous  fusion  plant  trials.  The  primary  prob¬ 
lem  was  severe  clogging. 


A  plain  rotary  dryer  with  concurrent  flow  of  hot  air 
was  considered  next  since  during  a  trip  to  Gvanamid  at  Welland,  it:  was 
learned  that  on  occasion  that  facility  had  used  such  a  drver  tor  custom 
batches  of  GN.  Mr.  D.  Hoy  of  Gvanamid  at  Welland  stated  that  ciout  20  years 
ago  rotary  dryers  were  tried  on  GN  eentriiuge  cakes,  but  that  this  type  of 
dryer  did  not  work  because  the  flights  and  the  baffles  t  ended  to  plug.  He 
also  recalled  that  two  vears  ago,  a  heated  screw- type  dryer  was  successfully 
used.  The  fact  tiiat.  this  screw-typo  dryer  had  worked  indicated  that  a  suit¬ 
able  dryer  must  have  poilive  mechanical  agitation  to  break  lumps  and  mini¬ 
mize  caking. 
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A  Stokes  rotary  vacuum  dryer  would  provide  good  agi¬ 
tation  and  was  considered.  This  dryer  is  essentially  a  large  drum  with  in¬ 
ternal  rotary  helical  ribbon  agitators.  This  dryer,  of  course,  operates 
under  a  vacuum  and  is  a  batch  type.  The  dryer  drum  is  jacketed,  and  a 
solid-gas  separator  is  a  necessary  auxiliary.  Although  thir  rotary  vacuum 
dryer  would,  no  doubt,  handle  the  drying  problem,  it  was  not  selected  be¬ 
cause  its  use  requires  batch  operation  and  a  vacuum  system.  The  batch  mode 
operation  would  mean  that  a  significant  inventory  of  material  would  be  in 
the  dryer  at  a  given  time,  resulting  in  a  potential  safety  hazard.  The 
Stokes  dryer  would  also  be  larger  and  thus  more  expensive  than  a  continuous 
dryer . 


Two  fluidization-type  dryers  (Wolverine  Jet  Zone  and 
Rex-Carrier  Vibratory  Dryers),  which  have  been  used  successfully  in  the  ex¬ 
plosives  industry,  were  considered.  These  units  have  the  advantages  of  high 
heat  transfer  coefficients  and  gentle  physical  handling  and  operate  best 
with  a  uniform  feed  particle  size.  However,  since  it  was  expected  that  the 
wet  GN  from  the  centrifuge  would  have  both  lumps  and  fines,  the  use  of  either 
of  these  dryers  would  have  required  both  an  inlet  deagg lomerator  unit  and  an 
off-gas  fines  removal  and  recycle  system.  With  cither  of  these  dryers,  the 
system  would  have  been  more  complex  than  the  system  selected  below.  They 
would  not  have  accepted  a  feed  with  a  large  particle  size  range  and  would 
have  larger  dryer  holdups. 


Moving  belt  dryers  were  also  considered  (Sargent 
Tunnel  Conveyor ), but  these  units  require  preformed,  uniform  feed  to  obtain 
good  circulation  of  air  through  the  feed.  Therefore,  the  wet  GN  centrifuge 
cake  would  have  to  be  pelletized  or  granulated  in  some  fashion.  Moreover, 
because  of  the  low  water  content  of  the  GN  centriluge  cake,  granulation  may 
not  be  possible.  In  view  of  these  potential  problems,  this  type  of  dryer 
was  not  considered  further. 


As  a  result  of  Cyanamid's  successful  experience  with 
screw  dryers,  close  consideration  was  given  to  a  Holo-F l ite  dryer  made  by 
the  Western  Precipitation  Division  of  Joy.  In  the  Ho’o-Flito  dryer,  basic¬ 
ally  a  double- screw  conveyor,  both  the  screws  and  the  screw  trough  are  steam 
heated.  It  was  learned  that  Western  Precipitation  makes  a  laboratory-size 
dryer  with  double  .3- inch  screws.  This  unit  would  easily  handle  ^O-pounds/ 
hour  of  wet  GN  cake  and  produce  dry  materia!  '  0 .  wt.  "!.  water.  Tin-  basic 

pilot  plant  model  would  cost  about  $‘>,000.  A  plant  -size  unit  capable  of 
handling  $,000- pound /hour  oi  wet  GN  would  require  1000  ft  2  0i  screw  area 
based  on  Cyanamid ' s  runs.  This  unit  would  cost  about  $70,000.  The  piinci- 
pal  adv  image  oi  screw-tvpc  dryers  is  that  they  tan  convey  h.u  d- to-hund  le 
materials.  However,  he  .t  transfer  coefficient's  tend  t.<  hr  low  -  tin  tin 
order  of  10  Btu/hour/°l  .  Poor  heat  transfer  is  due  to  relatively  mild  mix¬ 
ing  (screw  speeds  of  only  2-20  rpm),  the  lack  oi  an  air  purge  to  keep  the 
relative  humidity  low,  and  the  rather  large  cake  depth1  (measured  in  inches). 
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The  dryer  can  be  designed,  however,  for  countercurrent  air  sweep.  The  Holo- 
Flite  dryer  was  seriously  considered  for  the  pilot  plant.  However,  it  did 
have  disadvantages  (e.g.,  poor  heat  transfer  and  possible  short  circuiting) 
that  placed  it  second  in  choice  when  compared  to  the  Scott  Solidaire  dryer 
discussed  below. 


The  dryer  selected  for  the  pilot  plant  was  a  Strong- 
Scott  Solidaire.  This  dryer  is  essentially  a  jacketed  pipe  with  an  in¬ 
ternal  rotor  carrying  an  array  of  radial  paddles.  These  paddles  throw  solids 
to  the  wall  where  heat  transfer  takes  place.  The  paddles  are  pitched  to  im¬ 
part  axial  and  forward  motion;  the  overall  motion  of  the  solids  is  one  of  a 
helical  path  down  the  length  of  the  dryer  to  the  discharge.  A  small  stream 
of  air  flows  countercurrent  to  the  solids  to  sweep  out  water  vapor.  The 
only  function  of  the  air  is  to  keep  the  water  vapor  concentration  low. 
Volumetric  rates  are  on  the  order  of  2-5  cfm  so  that  a  solid-gas  collection 
system  was  not  necessary  for  the  pilot  plant. 

This  type  of  dryer  combines  many  of  the  advantages  of 
a  fluid  bed  dryer,  a  steam-tube  dryer  and  a  screw-type  dryer.  Good  circula¬ 
tion  of  air  around  the  particles  is  obtained,  the  use  of  steam  heat  allows 
the  wall  temperatures  to  be  limited,  and  the  action  of  the  paddles  gives 
positive  conveyance  and  prevents  lumping  and  clogging. 

Other  important  characteristics  of  the  Solidaire 
dryer  are  short  residence  times,  small  holdup,  and  very  thin  solids  layers. 
The  holdup  of  solids  is  small  because  the  material  in  the  dryer  occupies 
little  more  than  the  annular  space  between  the  tips  of  the  paddles  and  the 
dryer  wall.  This  space  or  clearance  is  1/8  inch.  Because  the  maximum  thick¬ 
ness  of  solids  is  only  1/8  inch,  heat  transfer  is  very  efficient  as  is  the 
removal  of  water  vapor  to  the  countercurrent  air  stream.  The  maximum  reten¬ 
tion  time  in  a  Solidaire  dryer  is  15  minutes.  This  short  time  is  duo  to  the 
low  holdup  and  the  conveying  capacity  of  the  high-speed  paddle.  The  resul¬ 
tant  low  holdup  is  advantageous  for  Class  V  CN. 

Before  the  Solidaire  dryer  was  specified,  drying  tests 
were  made  to  verify  thut  a  15-minute  retention  time  in  the  dryer  was  stiff  i  - 
cient.  The  procedures  for  the  test  were  obtained  from  the  Solidaire  factory 
representative.  The  test  consisted  of  spreading  a  small  amount  of  wet  GN  on 
an  aluminum  weighing  dish  and  putting  it  in  an  oven  at  115°C.  The  thickness 
of  the  cake  was  approximately  1/8  inch,  and  tin-  moisture  content  of  the  cake 
was  initially  10-11?..  After  5  minutes  in  the  oven  at  llr>°C  with  no  forced 
circulation  of  air,  the  water  content  of  the  cake  was  about  0.2  wt  . 

These  results  were  not  surprising  since  hydrates  of  guanidine  nitrate  are 
not  known,  an  1  therefore,  the  water  removed  is  merely  surface  water.  At 
115°C,  this  water  should  flash  off  quickly.  In  the  pilot  plant,  the  centri¬ 
fuge  take  has,  at  most. ,  l‘>7.  water;  and  >n  view  of  the  above  results,  it 

should  easily  dry  in  less  than  15  minutes. 
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A  Strong-Scott  SJS-8-4  Solidaire  was  specified  for  the 
pilot  plant.  This  is  an  8- inch- diameter  unit  and  it  has  more  than  enough 
capacity  to  produce  50  pounds  of  dry  GN  per  hour.  It  is  constructed  of  304 
stainless  steel  and  has  a  variable  speed  motor  to  allow  operation  between 
152  and  1520  rpm.  The  jacket  is  equipped  to  handle  14.9  psig  steam.  The 
unit  is  equipped  with  roller  bearings  and  has  given  good  commercial  service 
including  drying  of  ammonium  nitrate  in  government  facilities  (e.g,,  U.S. 

Navy  Ammunition  Supply  Plant,  Indiana).  Since  the  paddles  are  attached  to 
the  rotor  with  lock  nuts,  it  is  very  improbable  that  they  could  come  loose; 
however,  they  were  examined  and  modified.  The  paddles  were  tack  welded  to 
the  shaft  to  prevent  this  occurrence. 


5  Mother  Liquor  Recycle  System 

Mother  liquor  removed  from  the  crystallized  slurry  via  the 
GN  centrifuge  is  collected  in  a  pump  tank  and  batch  transferred  by  a  pump  to 
the  evaporator  hold  tank.  This  tank  is  a  buffer  tank  between  the  batch 
mother  liquor  collection  step  and  the  continuous  evaporation  step.  A  con¬ 
tinuous  stream  is  pumped  from  the  evaporator  feed  tank  to  the  evaporator. 

The  evaporator  concentrates  the  mother  liquor  to  about  0.5%  wafer,  and  this 
concentrate  (AN/U/GN)  is  then  recycled  back  to  the  feed  system. 


a  Design  Criteria 

1 )  Evaporator  Feed  Tank  (T-107) 

(a)  Since  it  functions  as  a  buffer  tank  be¬ 
tween  batch  and  continuous  steps  of  the 
process, the  evaporator  feed  tank  should 
have  a  design  similar  to  T-lOb. 

(b)  Since  the  potential  contents  ol  this 
tank  do  not  have  an  elevated  melting 
point,  a  non-jacketed  tank  would  lv- 
satisfactory.  Howe vet ,  an  internal  cui  i 
could  he  advantageous  to  guarantee  hot 
feed  to  tin  evaporator. 

2 )  Evaporator  (A-800) 

(a)  The  evaporator  was  required  to  accept  a 
continuous  flow  of  mother  liquor  from 
the  centrifuge  and  to  increase  1 ts  temp¬ 
erature  so  that  the  bottoms  (urea,  am¬ 
monium  nitrate  and  guanidine  r'trnte) 
from  the  unit  are  molten. 

(b)  To  evaporate  system  water  1  torn  the  mother 
liquor  so  that  the  bottoms  stream  i rom 
this  unit  will  contain  less  than  0.5” 
water . 


(c)  To  limit  the  residence  time  of  the  pro¬ 
cess  stream  in  contact  with  the  heating 
units  in  the  evaporator  when  water  is 
present  so  that  urea  hydrolysis  is  limited. 

(d)  To  accomplish  the  above  at  lowest  cost 
in  proven  equipment. 

(e)  To  be  constructed  of  materials  compatible 
with  previous  corrosion  studies. 


b  Description  of  Equipment  Selected  for  Mother  Liquor 
Concentration 


1)  Evaporator  Hold  Tank  (T-107) 

The  mother  liquor  from  the  centrifuge  drops  by  gravi  ty 
Into  a  30-gallon  pump  tank  (T-109)  and  is  then  pumped  to  the  evaporator  feed 
tank  (T-107).  This  tank,  a  baffled  200-gallon,  304  stainless  steel  unit  with 
an  liu-ernal  steam  coil,  serves  as  the  feed  supply  tank  for  the  evaporator. 

The  Internal  coil  was  added  to  this  tank  to  dissolve  fines  (AN,  GN,  U)  if 
needed.  The  inlet  line  to  this  tank  is  circumferential  and  is  directed  to¬ 
wards  one  of  the  baffles.  Any  large  solids,  therefore,  will  be  disengaged 
and  allowed  to  settle.  A  continuous  stream  is  removed  from  the  hold  tank 
and  feu  to  the  evaporator.  The  rate  of  this  transfer  is  monitored  and  regu¬ 
lated  using  a  Brooks  B55-8800  Flow  Control ler /Integral  Rotameter  (FI-800). 


2 )  Mother  Liquor  Evaporator  (A-800) 

The  evaporator  selected  for  concentrating  the  mother 
liquor  was  a  two-stage,  Whitlock  90  pilot  plant,  air-swept  falling-lilm 
evaporator.  This  unit  is  capable  of  accepting  a  20-gph  continuous  feed 
stream  composed  of  ca.  507.  water  and  stripping  it  to  less  than  0,57,  water 
with  a  short  residence  time.  This  unit  is  a  proven  unit  for  ammonium  nitrate 
and  urea  systems,  is  easily  scaled  up  and  is  low  in  cost  because  ot  the  ab¬ 
sence  of  moving  parts.  Temperatures  of  I20°-130°G  are  necessary  to  keep 
the  bottom  stream  from  this  unit  molten.  The  evaporator  is  not  under  vacuum. 

Thv  evaporator  system  consists  of  a  304  stainless 
steel  evaporator,  an  air  heater  (type  3-Y-48  AHT  heat  exchanger),  and  a 
50  sefin  motor-blower  combination.  The  evaporator  provides  for  a  two-stag, e 
process  with  both  stages  contained  into  a  single  unit.  Each  stage  consists 
of  four  2- inch-diameter  tubes  for  counter. -current  tailing  liquid  film  and 
hot  air.  The  feed  stream  is  concentrated  from  51/1  total  solids  at  6fi°F  to 
9071  solids  at  300®  F  in  the  first  stage  using  !  2 '>  lb/hr  ol  do  psig  steam. 

The  second  stage  concentrates  tile  stream  1  ron  907  total  solids  at  100° F  to 
99.57.  total  solids  at  2t>b"F  using  10  lb/lu  o  t  steam  at  >0  prig.  Air  is 
preheated  from  ambient  conditions  to  .'•'>»>  ®  F  using  11.1  lb/lu  ol  do  psig 
steam.  It  is  then  blown  count  recurrent  to  the  lulling  liquid,  passed  through 
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a  mist  eliminator  and  then  vented  to  the  atmosphere.  The  bottoms  of  the 
evaporator  flow  by  gravity  to  the  recycle  feed  tank  (T-104).  The  bottom 
transfer  line  contains  a  seal  loop  to  prevent  blowback  of  air. 

L  Reactor  Off-Gas  System 

The  by-product,  ammonium  carbamate,  from  the  AN/U  reaction 
decomposes  instantaneous ly  at  the  reaction  temperature  and  pressure  to  form 
gaseous  ammonia  and  carbon  dioxide.  These  gases  are  separated  from  the  re¬ 
action  melt  in  the  two  overhead  gas- liquid  separators  (S-200  and  S-201). 

The  disposition  of  these  gases  in  the  commercial  plant  has  not  yet  been  de¬ 
fined,  but  the  options  are:  (1)  reconversion  of  the  combined  gases  to  urea, 
(2)  conversion  of  the  NH3  to  ammonium  nitrate  and  dry  ice  collection,  (3)  a 
combination  of  options  (1)  and  (2).  Regardless  of  which  option  is  selected, 
it  was  not  necessary  to  demonstrate  the  gas  disposition  method  at  the  pilot 
plant  scale.  For  the  pilot  plant,  the  primary  concern  of  the  gas  disposi¬ 
tion  was  one  of  safety  and  working  conditions.  A  number  of  options  were 
considered  in  terms  of  ease  and  safety. 


The  decision  was  made  to  treat  the  gases  in  the  following 
manner.  The  hot  ammonia  and  carbon  dioxide  gases  (decomposed  ammonium 
carbamate)  from  the  reactor  flow  through  a  heated  line  to  a  water-scrubbing 
column.  The  scrubbed  gas  (CO2)  passes  through  a  sewer  meter  (FR-400)  and  is 
vented  to  the  atmosphere.  The  scrubber  bottoms  (15/.  NH3  water)  passes  to 
an  intermediate  storage  vessel  (a  55-gallon  drum)  from  which  it  is  inter¬ 
mittently  pumped  (using  a  small  sump  pump  (1-112))  to  a  large  storage  ves¬ 
sel.  The  aluminum  column,  7  inches  in  diameter  x  9  feet  high,  is  packed 
with  .1/2- inch  Raschig  rings.  The  water  feed  to  the  column  consists  of 
fresh  water  feed  (ca.  20°C)  and  recycled  water  via  pump  P-105.  The  recycl¬ 
ing  is  necessary  to  keep  the  packing  wet .  The  fresh  water  feed  flows 
through  a  rotameter  for  monitoring  purposes .  Th *  bottom  water  from  the  sump 
gamp  storage  drum  \s  simp lid  occasionally  for  its  NHj  content. 


d .  Pilot  Plant  Auxiliaries 

Although  an  existing  building  was  available  tor  the  proposed 
pilot  plant,  It  was  necessary  to  modify  this  building  to  make  it  suitable. 
Additional  utilities  were  also  necessary  since  the  requirements  of  the  unit 
operations  far  exceeded  its  existing  1  apabi lit  ies . 

_1_  1‘  i  lot  P 1  an  t  t t  i  1  it  i  os 

a  K 1 oc  t  r i  1  Subs  t  at i on 

The  pilot  plant  pisu  ss  building  had  an  existing  electri¬ 
cal  service  ot  27.5  kva .  An  estimate  wa.  made  ear  l  v  in  the  design  phase  ot 
the  power  required  to  handle  the  multiple  unit  operat  inns  ot  the  II  /AN  pincess. 


It  was  estimated  that  at  full  load,  a  power  usage  of  ca.  160-200  kva  was  re¬ 
quired.  Allowing  for  future  equipment  requirements  and  using  a  design  fac¬ 
tor  of  150%,  a  300  kva  electrical  substation  was  selected.  The  design  of 
the  selected  300-kva  electrical  substation  was  completed  in  Phase  II.  Quo¬ 
tations  on  the  major  equipment  pieces  of  the  substation  were  received.  The 
transformer  portion  of  the  substation  was  ordered  in  Phase  II.  This  was 
necessary  because  it  was  a  very  long  delivery  item  (18-20  weeks),  and  this 
procurement  time  was  not  compatible  with  the  allowed  Phase  III  construction 
time  frame.  Permission  was  granted  by  the  government  for  early  purchase  of 
this  item. 


The  resultant  substation  design  consisted  of  a  Hevi-Duty 
power  transformer  and  the  necessary  high  and  low  voltage  accessories.  This 
substation  was  designed  in  accordance  with  the  rules  of  the  local  power 
utility  company  and  the  design  approved  by  them  prior  to  construction.  The 
selected  transformer  converted  the  electrical  service  from  34,500  volt, 

3  phase,  down  to  440  volt,  3  phase.  A  service  voltage  of  440  volts  was 
selected  for  the  low  voltage  side  so  that  delivery  times  of  the  selected 
process  equipment  would  be  minimal. 


b  Thermal  Heat  Source 

Heat  load  requirements  were  estimated  for  the  pilot  plant 
and  determined  to  be  about  500,000  Btu/hr  (about  15  boiler  horsepower). 

Low  pressure  steam  was  available  to  the  process  buildings  for  some  of  the 
process  units,  bur.  an  additional  heat  source  capable  of  providing  ca.  300,000 
Btu/hr  was  necessary.  The  major  demands  for  the  additional  heat  were  the 
GN  reactors  and  the  falling  film  evaporator.  Both  of  these  units  required 
temperatures  higher  than  that  of  plant  steam. 

High  pressure  steam  (300  psig)  was  sekoteJ  as  the  heat¬ 
ing  medium  for  the  additional  pilot  plant  process  demands.  A  number  of  fac¬ 
tors  were  considered  in  making  this  decision.  Steam  was  an  attractive  heat 
source  selection  because  it  offered  safety  advantages  (compatible  with 
reaction  mix),  because  pressure  regulators  could  be  used  for  temperature 
control,  because  condensate  recycle  was  not  an  absolute  necessity,  and  be¬ 
cause  its  use  entailed  lower  costs.  The  disadvantage  of  using  steam  was  that 
full-time  licensed  personnel  would  be  required  to  operate  a  high  pressuie 
boiler.  Several  alternate  thermal  energy  sources  were  investigated.  Table  42 
lists  the  options  that  were  considered.  These  alt  rnutives  were  i eviewed  and 
discuss*  i  with  the  Hercules  Corporate  Engineering  steam  power  group.  They 
in  turn  uade  several  inquiries  <i  .  to  the  interpretation  oi  the  New  Jersey 
State  Laoor  Laws  fo»  use  of  high  pressure  boilers.  Their  resultant  cunt  le¬ 
sion  was  that  Opt i on  4  was  the  most  feasible  option.  It  was  d*  Lermined  that 
limiting  the  boiler  sice  to  less  than  six  (b)  boiler  horsepower  (blip)  negates 
the  tu’ces  :  ity  oi  licensed  ope rating  personnel.  The  ace  t  s i on  was  made  m 
utilize  a  pair  of  5.75-bhp,  high-pressure  steam  boilers  as  the  alternate  heat 
source,  With  these  two  modules  (11.5  bplt)  plus  the  existing  plant,  1  ow  pressure 


TABLE  42 


HEATING  OPTIONS  FOR  GN  PILOT  PLANT 


Options  Remarks 

j  1 .  Employ  Stationary  Engineers  to  operate  Option  would  add  a  labor  cost  of 

|  15  BHP  Steam  Boiler.  about  $60,000  to  program. 

i 

i 

j  2.  Locate  15  BHP  steam  boiler  at  power-  Cost  of  high  pressure  line  estimated 

j  house  and  install  lugh  pressure  steam  at  $21,000. 

j|  line  to  GN  facility. 

|  3.  Utilize  a  steam  compressor  to  increase  This  operation  results  in  superheated 

I  pressure  of  existing  plant  steam  supply  steam  which  has  very  little  thermal 

j  at  GN  facility  site.  value. 

4.  Install  15  BHP  steam  boiler  at  GN  facility  This  system  may  not  be  legal, 

and  install  instrumentation  for  remote 

control  of  unit  by  powerhouse  operators . 

5.  Install  a  hot  oil  heat  tra  isfer  system.  Heat  transfer  temperature  control 

and  process  piping  tracing  not  as 
satisfactory  as  steam.  Also,  hazards 
of  compatibility  of  organics  and  AN. 


6.  Same  as  above  but  use  existing  low 
pressure  steam  for  noncritical  steam 
tracings . 

7.  Install  an  organic  vapor  phase  heat 
transfer  system  -■  with  or  without 
complementary  use  of  existing  low 
pressure  steam. 


Same  as  above . 


Systems  such  as  Dowtherm,  p-cymene , 
etc.  ,  require  condensate  return  systems. 
These  may  be  difficult  to  design  with 
existing  facilities.  Also  hazards  of 
compatibility  of  organics  and  AN. 


8.  Generate  high  pressure  steam  indirectly 
by  cooling  a  hot  oil  via  water  coolers . 


9.  Employ  a  multiple  number  of  small 
high  pressure  steam  boilers. 


This  system  will  produce  the  required 
quantity  and  quality  of  required  steam; 
however,  it  may  not  satisfy  the 
New  Jersey  laws. 

Tiiis  system  has  merit  and  is  being 
invest''  gated . 
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steam  (4-5  bhp) ,  sufficient  thermal  energy  was  available  for  the  pilot  plant 
The  selected  boilers  were  Ebcor  Model  6-445-4,  e leetrode- type  steam  genera¬ 
tors  and  were  complete  with  water  level  controls,  boiler  feed  pump  and  motor 
and  automatic  blowdown  conductivity  control.  Each  unit  has  a  maximum  capa¬ 
city  of  207  pounds  steam/hour  for  operation  on  460  volt,  3  phase,  60  cycle. 
This  equipment  was,  of  course,  built  to  ASML  code  and  bears  the  Underwriters 
label.  The  design  pressure  or  these  units  is  445  psig,  and  safety  relief 
valves  were  built  on  the  units  so  that  the  maximum  steam  pressure  is  limited 
to  395  psig  (229°C).  The  pressure  was  high  enough  to  allow  for  pressure 
drops  through  the  high-pressure  lines,  regulators  and  piping  and  stili  pro¬ 
vide  215-220°C  steam  to  the  reactor  jackets.  Tivuudi  stability  tests  have 
shown  that  no  decomposition  problems  occur  in  the  reactor  until  a  tempera¬ 
ture  of  ca.  240°C  is  attained.  There  are,  of  course,  low>er  pressure  regula¬ 
tors  and  safety  relief  valves  in  the  building  in  addition  to  those  mentioned 
above . 


The  electrode-type  steam  generator  is  a  demand  unit  that 
should  require  little  attention.  It  operates  cn  the  same  principle  as  a 
household  vaporizer  with  current  passing  through  the  water  between  the 
electrodes.  The  rate  of  current  flow  is  a  function  of  the  water  conducti¬ 
vity  and  the  exposed  electrode  surfaces.  A  conductivity  contn  1  system  is 
provided  tc  control  water  conductivity.  The  exposed  electrode  surface  is  a 
function  of  the  demand.  As  more  steam  is  used,  more  fresh  water  enters  the 
boiler  chamber  to  be  vaporized  and  the  ooilo.-  electrode  chamber  water  level 
rises,  thereby  exposing  more  electrode  surface  and  raising  the  amperag  re¬ 
quired. 

£  Vac uum /B r i ne /A  l  r /Wa  ter 

The  other  utilities  provided  for  in  the  pilot  plant  re¬ 
quire  little  discussion.  The  vacuum  system  had  been  discussed  in  a  previous 
section.  It  consists  of  a  set  of  two  40-cfm  Strokes  Microvac  mechanical 
vacuum  pumps.  These  units  were  existing  equipment  and  are  housed  in  the 
utility  building,  A  vacuum  line  was  constructed  from  this  building  to  the 
process  building.  The  vacuum  was  controlled  via  an  air  bleed  at  the  crys¬ 
tallizer.  The  crystallizer  was  cooled  by  water  evaporation  created  hr  the 
vacuum  system.  Since  oil-seal  mechanical  vacuum  pumps  were  used,  it  was 
necessary  to  condense  the  water  vapor  from  tin  crystallizer  consistent  to 
ensure  good  vacuum  pump  performance .  This  water  was  condensed  in  a  heat 
exchanger  (E- til)  using  circulating  brine  as  the  cooling  medium.  The  brine 
(ethylene  glycol -vat  or  solution)  was  cooled  by  an  Edwards  Mode  1  Ct  10A  water 
.hi.  ller  (J-lll). 

The  air  demand  for  the  piuoess  i,.)s  verv  small.  Air  is 
requited  K.r  the  pneumatic  instruments  and  tor  the  dryer  and  <  vapor  at. ><  .  Tin- 
air  source  t  oi  the  evaporator  was  a  built-in  blower.  Tin  source  ni  air  i<>! 
tin*  instruments  and  'err  tin-  dryer  was  the  existing,  plant  air  supply  ..it  t :  a 
r,-s'-’-vnii  tank  as  a  backup. 


Water  was  required  for  the  steam  boilers  (50  gph)  and  for 
the  aqueous  workup  steps  (10  gph).  This  is  a  total  of  1  gpm  which  is  drawn 
from  the  well  system.  The  purity  of  the  water  was  deemed  sufficient  for 
these  uses.  It  was  later  found,  during  the  pilot  plant  operations,  that  the 
boiler  feed  water  had  to  be  pre-treated  in  order  for  the  boilers  lo  operate 
at  close  to  design  capacity. 


2  Process  Buildings 

Figure  55  shows  a  topographic  map  pointing  out  the  area  lay¬ 
out  of  the  guanidine  nitrate  pilot  plant.  The  key  items  on  this  map  are  the 
relation  of  the  pilot  plant  building  to  adiacent  buildings,  the  location  of 
the  electric  substation  and  utility  buil^  g  (housing  the  chiller,  vacuum 
pumps  and  steam  boilers),  the  placement  of  the  ammonia-water  storage  tank 
and  the  siting  of  necessary  waste  disposal  and  safety  provisions. 


With  750  pounds  of  Class  7  material  in  Building  2204,  the 
placement  of  the  buildings  on  this  layout  fulfills  quantity  distance  res¬ 
trictions.  A  front  barricade  was  built  to  satisfy  these  restrictions. 


Building  2204  was  selected  as  the  site  for  the  GN  process 
building.  The  building  consists  of  a  main  operating  bay,  a  control  room, 
and  an  auxiliary  side  room  suitable  for  equipment  installation.  The  struc¬ 
ture  is  reinforced  concrete  with  barricades  on  three  sides.  An  expansion 
was  added  to  the  original  bui.ding  to  house  the  GN  pilot  plant.  Additional 
buildings  in  the  immediate  area  are  used  for  intermediate  ingredient  and 
product  storage  (Building  2210).  An  existing  building  (Building  2260)  on 
the  plant  was  selected  for  the  utilities.  This  portable  building  was  moved 
to  the  GN  area  in  Phase  III. 


3  .  Gen  oral  Operating  Procedures  for  t  hi  •_  Pi  lot  Plant 

The  following  general  operating  procedures  are  not  intended  for 
operational  use.  Specific  operating  procedures  were  written  during  the 
Phase  III  operation  phase.  They  are,  of  course,  much  more  detailed  and  are 
not  included  in  this  report.  These  general  operating  procedures  were  pre¬ 
pared  as  guidelines  for  checking  the  pilot  plant  design  and  as  an  aid  to  the 
reader  in  understanding  the  operating  methods.  Equipment  designations  have 
beer,  omitted  intentionally  since  the  procedures  were  prepared  for  information 
purposes  only.  The  equipment  names,  lines,  etc., are  readily  recognized  in 
the  process  flow  sheet  (Figure  o2)  . 
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Start-Up 
1_  Preliminaries 


(a)  Turn  on  building  fan. 

(b)  Check  the  Building  Class  7  inventory  to  confirm 
that  it  is  not  overloaded. 

(c)  Turn  on  electric  power  to  the  instruments  and 
recorders . 

(d)  Turn  on  the  instrument  air. 

(e)  Start  steam  generator. 

(f)  Apply  steam  to  the  following  items  at  the  indi¬ 
cated  pressures . 


Steam  Pressure 
Distribution 

(pslg)  _  It  ems 


260 


125 

90 

25-30 


15 

Atmospheric 


Reactor  tube  jackets,  gas  liquid 
separators,  interfeed  tank  and 
lines 

Melt  product  lines 
Evaporator  first  stage 
Melt  tanks,  feed  hold  tanks,  re¬ 
cycle  feed  tank,  blend  pump  jacket, 
feed  line  tracings,  off-gas  line, 
evaporator  second  stage,  evapora¬ 
tor  bottoms  line 
Dryer  jacket 

Workup  transfer  lines  and  crys¬ 
tallizer  feed  tank 


(g)  Apply  90-95°C  hot  water  to  the  quench  tank  jacket 
and  crystallizer  feed  tank. 


I 


i 

I 

I 

j 
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2.  Feed  System 

a  Melt  Tank  and  Hold  Tanks 

(1)  These  tanks  need  attention  twice  during  one 
shift  -  once  to  adjust  the  level  in  the  melt 
tank  and  charge  solids  to  the  me  Iters  and 
once  to  transfer  the  contents  to  the  hold 

t  ank . 

(2)  Charge  1  bag  of  urea  and  bags  of  AN  (80- 
pounds  AN  or  U /hag )  to  the  high  AN  me  Iter. 

(3)  Charge  8  hags  of  urea  and  2  bags  of  AN  to  the 
high-urea  me  Iter. 

(4)  When  charging  the  me  Iters ,  always  charge  one 
bag  of  urea  first,  followed  by  one  bag  of  AN. 


The  urea  and  AN  in  contact  melt  faster  than 
either  one  separately. 

(5)  When  melting  is  complete,  transfer  approxi¬ 
mately  60-gallons  of  the  high-urea  feed  to 
the  high-urea  hold  tank  ”ia  the  transfer  pump. 
If  the  melt  is  not  well  mixed,  circulate 
through  the  me  Iter  pump  loops  before  trans¬ 
ferring  . 

(6)  Charge  about  32-gallons  of  the  high  AN  feed 
to  the  high  AN  hold  tank,  using  the  feed 
transfer  pump.  During  this  transfer, be  cer¬ 
tain  that  the  tank  does  not  overflow.  This 
tank  is  equipped  with  a  level  indicator. 

(7)  After  charging  the  hold  tanks,  blow  out  the 
transfer  pumps  and  Unes  with  low  pressure 
steaia,  then  purge  the  lines  with  air.  This 
will  be  a  typical  line  cleanout  practice. 

(8)  Before  charging  the  me  Iters  with  more  sol'H 
AN  and  urea,  reduce  the  volume  of  the  heel  in 
the  melters  to  8  gallons  in  the  high  AN  melter 
and  10  gallons  In  the  high  urea  melter. 

(9)  Leaving  a  heel  in  the  melters  makes  the  next 
melting  operation  proceed  more  rapidly. 


Recycle  Feed  Tank 

(1)  Adjust  the  set  point  of  the  level  controller 
to  control  the  level  at  about  1/2  capacity. 

(2)  To  start  up,  an  entire  melter  batch  must  be 
charged  through  to  the  recycle  feed  tank. 
After  this  has  been  done,  another  high  AN 
melter  batch  must  be  prepared  and  charged  to 
the  hold  tank. 

(3)  During  operation,  the  tank  temperature  should 
be  monitored  and  the  proper  operation  of  the 
level  controller  should  be  checked. 


Feed  Blending  and  Pumping 

(!)  With  the  composition  controller  In  the  manual 
mode,  set  the  piston  stroke  lengths  to  yield 
a  2:1  feed  ratio. 

(2)  Adjust  the  set  point  on  the  composition  con¬ 
troller  and  the  flow  controller  to  the  de¬ 
sired  level. 

(3)  Close  the  feed  line  valve  between  the  feed 
pump  and  the  flow  control  loop. 

(4)  Open  the  valves  on  the  feed  hold  tanks  and 
start  the  feed  blend  pump. 


(5)  When  the  feed  surge  tank  has  filled,  start 

the  reactor  feed  pump  and  recycle  feed  through 
the  pump-around  loop. 

(6)  Notice  whether  the  Dynatrol  composition  con¬ 
troller  is  functioning  properly.  Adjust  set- 
point  at  the  desired  density. 

(7)  When  the  level  controller  starts  to  reduce 
the  feed  blend  pump  speed,  open  the  valve  in 
the  feed  line  to  the  reactor  feed  manifold. 
Have  individual  valves  at  reactor  inlet  open. 

(8)  Feed  melt  is  now  being  pumped  to  the  reactors; 
check  to  see  that  the  flow  rates  and  composi¬ 
tions  are  correct. 

(9)  On  stc-.'Lup  of  the  feed  system,  watch  closely 
for  plugged  lines. 


_3  Reactor  Operations  -  Catalyst  Charging 

(a)  Remove  the  elbows  that  connect  the  top  of  the 
reactors  to  the  gas-liquid  separators. 

(b)  Charge  pre-dried,  pre-screened  catalyst  to  the 
reactor  tubes.  Fill  to  levels  even  with  the  top 
of  the  reactor  jackets.  Record  weight  of  charged 
catalyst . 

(c)  Replace  the  top  elbows  and  bolt  down  uniformly. 


4  Quench  Tank  Operation 

(a)  Charge  10  gallons  of  cold  water  to  the  quench 
tank . 

(b)  On  startup,  let  melt  flow  into  the  quench  tank 
until  the  total  volume  is  about  25  gallons. 

Note  the  time  it  takes  to  add  the  15  gallons  of 
melt . 

(c)  Turn  on  watei  to  the  quench  tank;  set  rate  to  pro¬ 
vide  one  part  of  water  to  two  parts  of  melt. 

The  melt  rate  can  he  determined  from  the  reactor 
feed  rates  and  also  from  the  time  it  took  to 
charge  15  gallons  of  melt  to  the  quench  tank. 

(d)  Set  the  tank  level  controller  for  one-half  of 
full  operation  and  adjust  temperature  to  90- 
9  5°  C . 


h  Separation  of  Water  Insol  uh 1 e s 


(a)  Preheat  the  centriluge  howl  with  hot  water  or 
steam  and  then  add  about  2  inches  of  water  to 


(by  After  the  quench  tank  is  one-half  full,  start 
the  centrifuge  and  the  solution  transfer  pump 
feeding  the  centrifuge. 


6  Crystallizer  Feed  Tank 

(a)  Monitor  the  crystallizer  feed  tank  level;  main¬ 
tain  the  temperature  at  90°C. 

(b)  After  collecting  2  hours'  production  of  hot 
aqueous  solution,  stop  charging  hot  solution 
from  the  quench  tank  and  record  the  level  in  the 
feed  tank. 

(c)  Charge  the  crystallizer  with  hot  solution. 

(d)  Record  the  level  of  the  crystallizer  feed  tank 
and  determine  the  amount  of  solution  charged  to 
the  crystallizer. 

(e)  Start  transferring  solution  again  from  the 
quench  tank . 


2  Dryer 

(a)  After  the  dryer  has  been  heated  to  the  operat¬ 
ing  temperature  of  about  115°C,  turn  cn  the  air 
purges . 

(b)  Charge  a  batch  of  centrifuged  GN  cake  to  the 
dryer  feed  hopper. 

(c)  Start  the  dryer  rotor  and  then  the  feeder. 

(d)  Adjust  the  feed  rate  and  dryer  rotor  speed  to 
obtain  dry  product  (with  s  0.5  wt .  °L  water). 


8  Evaporator 

The  continuous  guanidine  nitrate  pilot  plant  will  be  started 
up  without  recycle  feed.  Feed  blending  will  be  accomplished  by  utilizing 
the  low  urea  makeup  feed  system  until  recycle  feed  is  available.  Two  hours 
before  the  first  batch  of  mother  liquor  is  available  in  the  evaporator  hold 
tank,  the  following  steps  are  to  be  implemented : 


(a)  Turn  on  steam  to  the  jacketed  heat  exchanger  in 
the  first  stage  of  the  evaporator.  Regulate  at 
90  psig. 

(b)  Turn  on  steam  to  the  second  steam  of  the  evapora¬ 
tor.  Regulate  at  JO  psig. 

(c)  Turn  on  the  steam  to  the  air  heater.  Regulate 
at  90  psig. 

(d)  Confirm  that  steam  to  product  line,  level  con¬ 
troller,  and  sump  pump  is  cn  and  regulated  at 
90  palg. 
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(e)  Turn  on  air  blower.  Regulate  air  damper  so  that 
a  pressure  drop  of  20  inches  of  water  results 
(the  blower  at  20  inches  of  water  provides  for 
the  desired  air  rate  of  50  scfm). 

(f)  Allow  system  to  heat  up.  Air  will  be  at  steady 
state  when  outlet  air  temperature  reaches  266°F. 
Allow  one  hour  for  stages  to  reach  steam  tempera¬ 
ture  . 

(g)  When  steady  state  temperature  has  been  reached, 
start  evaporator  feed  pump  and  set  rotameter  at 
predetermined  setting. 

9_  Vacuum  System 

(a)  In  the  process  building,  turn  off  the  vacuum 
system  valve  between  the  heat  exchanger  (E-lll) 
and  the  condensate  traps  (T-116A  and  T-116B). 

(b)  Turn  on  the  power  to  the  vacuum  pumps.  The 
vacuum  gage  at  the  pumps  should  begin  to  read 
and,  within  one  minute,  should  be  down  to  29-30 
inches  of  vacuum.  If  not,  check  for  line  leaks 
and/or  pump  operating  guide. 


11  Off-Gas  Scrubber 


(a)  Set  rotometcr  reading  at  predetermined  setting 
so  that  the  inlet  scrubbing  water  flows  at  11.0 
gph- 

(b)  Confirm  that  all  of  the  steam  tracings  on  the 
off-gas  lines  from  the  gas-liquid  separator  to 
the  water  scrubber  are  turned  on.  If  not,  turn 
on  and  wait  one-half  hour  before*  proceeding. 

(c)  Turn  on  the  sump  pump  in  the  NH3-water  receiver. 

(d)  Turn  on  the  small  recirculating  pump  and  in¬ 
crease  this  water  rate  to  a  maximum  level  of  70 
gph  .  Any  additional  recirculation  v>i  1 1  flood 
the  packed  column. 


b .  Operation  (Continuous  Units) 

\  Feed  System 

(a)  As  required,  repeat  steps  tor  start-up,  feed 
system  (a. 2),  noted  above. 

(b)  Check  and  record  melt  temperatures  twice  per 
shi ft  . 

(e)  Check  the  flow  and  composition  records  once  per 
hour  and  report  any  set  point  deviation. 
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Reactors 


(a)  Periodically  check  to  ensure  that  melt  is  flow¬ 
ing  through  all  the  tubes.  To  do  this,  check 
the  inlet  thermocouple  temperature  on  the  tubes. 
This  temperature  should  be  20-30°C  below  the 
jacket  temperature.  If  a  no-flow  condition 
exists  in  a  reactor  tube,  the  inlet  temperature 
will  be  the  same  as  the  steam  temperature. 

(b)  Regularly  check  and  record  temperatures  in  the 
two  instrumented  tubes. 

(c)  Adjust  the  steam  pressure  to  the  reactor  jackets 
to  control  the  center  line  reactor  temperature 
at  *  190°C . 

(d)  Verify  that  off-gas  is  flowing  to  the  scrubber 
and  melt  to  the  quench  tank. 

(e)  Interfeeding  (Special  Experiment) 

(1)  Set  the  stroke  length  on  the  third  piston  of 
the  blend  pump  to  provide  one-half  of  the 
urea  requirement  to  the  second  reactor 
stage . 

(2)  When  the  interfeed  surge  tank  has  filled 
with  melt  from  the  first  stage,  start  the 
interfeed  pump  and  the  third  piston  of  the 
blend  pump. 

(3)  Check  the  combined  flow  rate  to  the  second 
stage . 

(4)  When  inter  feeding ,  the  melt  from  the  first 
stage  separator  will  flow  to  the  inter¬ 
feed  serge  tank.  Otherwise,  it  will  flow' 
directly  to  the  quench  tank. 


Quench  Tank 

(a)  Periodica1 ly  check  the  melt /water  late  as  noted 
in  start-up,  quench  tank  operation  (a. 4)  above. 

(b)  Note  and  record  quench  temperature  periodically 


Insolubles  Separator 

(a)  Notice  whether  the  aqueous  solution  to  the  crys¬ 
tallizer  feed  Lank  is  clear.  Sample  this  solu¬ 
tion  for  insolubles  ami  per  cent  water. 

(b)  As  the  centerfuge  bowl  fills,  the  solid- liquid 
separation  will  become  less  efficient.  When  the 
aqueous  solution  turns  cloudy,  shut  oil  the  trans¬ 
fer  pump  and  quench  tank  bottom  va 1 vo  and  stop 
the  centrifuge.  Remove  the  centrifugal  bowl  and 
install  a  new  one . 
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(c)  Start  the  centrifuge,  blow  5  psig  steam  through 
the  centrifuge  for  5  minutes,  add  water  to  the 
bowl,  open  the  quench  tank  valve,  and  start  the 
transfer  pump. 

(d)  Determine  the  weight  of  insolubles  collected  in 
the  centrifuge  bowl  and  sample. 

(e)  During  operation,  periodically  check  the  liquid 
exit  temperature  from  this  unit.  If  the  tempera¬ 
ture  drops  below  80°C,  stop  feeding  and  begin  a 
10  minute  steam  sparge  to  increase  the  tempera¬ 
ture  . 


A  Crystallizer  Feed  Tank 

(a)  Check  the  tank  temperature  periodically.  It 
should  always  be  higher  than  85°C. 

(b)  Note  and  record  liquid  level  before  each  crys¬ 
tallizer  transfer. 


b.  Dryer 

(a)  Check  often  for  signs  of  plugging  in  the  dryer 
and  watch  for  caking  and  bridging  in  the  feed 
hopper . 

(b)  Package  the  product  for  50  lb  per  drum.  Weights 
can  be  adjusted  at  the  scale. 

Z  Evaporator 

The  evaporator  is  a  self-contained  unit  which  operates  by  it 
self  and  with  no  moving  parts  (except  the  blower).  The  following  items, 
however,  will  be  routinely  checked  to  ensure  proper  operation. 

(a)  Check  the  feed  rotometer  reading  every  hour. 

(b)  Che' k  feed  availability  every  three  hours. 

(c)  Check  Che  steam  pressure  to  the  two  stages  and 
air  heater  every  two  hours. 

(d)  Check  the  temperatures  of  the  feed,  molten  pro¬ 
duct,  air  in  and  air  out-  every  hour. 

(e)  Once  every  four  hours,  analyze  a  sample  of  the 
evaporator  bottoms  to  determine  7.  !1?0.  (Once  a 
history  of  evaporator  performance  is  available, 
the  frequency  ot  this  step  ran  be  reduced  to 
ore e  pet  day). 

(f)  Check  to  see  that  evaporator  bottoms  are  i low¬ 
ing  to  the  recycle  tank. 
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8  Vacuum  System 

(a)  During  operation,  periodically  check  the  system 
vacuum  and  the  condenser  (E-lll)  jacket  tempera¬ 
tures  . 

(b)  Prior  to  each  crystallizer  batch,  drain  the 
condensate  traps  (T-116A  and  T-116B).  Record 
weight  of  collected  condensate. 


c .  Operation  (Batch  Units) 

A  Crystallizer 

(a)  Start  the  crystallizer  agitator  after  it  be¬ 
comes  covered  with  solution. 

(b)  Start  the  vacuum  system. 

(c)  After  the  crystallizer  has  been  charged,  start 
to  lower  the  temperature  by  reducing  the  pres¬ 
sure  in  the  crystallizer  using  the  vacuum  sys¬ 
tem. 

(d)  Without  bumping  the  crystallizer  contents,  cool 
as  raoidly  as  possible,  to  the  crystal  point. 

(e)  Cool  at  a  low  rate,  about  1°C  in  3  minutes, 
through  the  crystal  point. 

(f)  Continue  cooling  to  20°C  at  about  1-3°C  per 
minute . 

(g)  The  vacuum  level  is  controlled  by  bleeding  air 
into  the  vacuum  at  the  condensate  traps. 

(h)  Record  pressure  and  temperature  data  for  the 
run , 

(i)  Winn  temperature  has  decreased  to  20°C,  break 
vat uum  by  bleeding  in  air,  but  keep  the  agita¬ 
tor  running. 


2  CN  Centrifugation 

(a)  Start  the  slurry  pump  and  circulate  slurry  to 
the  centrifuge. 

(b)  Start  the  centrifuge  and  set  the  speed  for 
slurry  charging  (SOO-pOO  rpm) . 

(c)  Start  the  filtrate  pump . 

(tl)  Open  the  slurry  valve,  and  charge  slurry  mt  i  1 
the  basket  is  nearly  full  of  cake. 

(e)  Raise  the  centrifuge  speed  to  tin-  spin-iut  level 
i 2 CXI  rpm,  and  spin  until  little  mother  Jiquot 
remains  in  the  cake.  The  spln-ot'  cycle  will 
take  2  minutes , 

(f)  While  the  centrifuge  is  operating  at  the  spin 
speed,  wash  t he  cake  with  about  one  i  ike  volume 
of  water  (about  two  gallons'). 


(g)  Spin  out  the  wash  until  the  cake  is  dry  as 
possib le . 

(h)  Reduce  the  speed  to  the  discharging  level  (or 
100  rpm)  and  plow  the  cake  into  a  weigh  drum. 

(i)  Repeat  this  cycle  until  all  of  the  slurry  is 
processed.  There  will  be  about  four  batches 
per  crystallizer  batch. 


d .  Shutdown  Procedures 

(1)  Drain  and  thoroughly  flush  all  melt  transfer  lines 
and  hot  aqueous  solution  lines  with  w’ater  and/or 
steam.  Blow  lines  with  air. 

(2)  If  the  tanks  in  the  reactor  feed,  aqueous  quench, 
crystallizer  systems  are  not  to  remain  heated,  then 
they  must  also  be  drained  and  thoroughly  flushed. 

(3)  Drain  the  reaccor  tubes  and  the  inter feed  lines  and 
interfeed  tank. 

(4)  Flush  the  off-gas  line  to  the  scrubber. 

(5)  Drain  the  recycle  melt  line  and  the  surge  tank  on 
the  bottom  of  the  evaporator. 

(6)  After  all  lines  and  vessels  have  been  drained  and 
flushed,  the  steam  to  these  vessels  and  linos  may 
be  shut  down. 


0  •  Special  Procedures 

i.  Catalyst.  Dumping  (Wien  Required) 

(a)  After  draining  and  cooling  the  reactor  tube:., 
remove  the  top  elbow  and  the  feed  manifold. 

This  provides  access  to  the  top  and  bottom  of 
the  reactor  tube. 

(b)  Lift  out  the  catalyst,  retainer  and  unbolt  the 
catalyst  spool  piece. 

(e )  With  a  little  prodding,  the  catalyst  .should  flow 
from  the  reactor  tube. 

(d)  It  the  tube  is  severe  i v  plugged,  steam  and/or 

hot  water  may  be  used  to  break  plugs  m  t  he  re¬ 
ar  tor  . 

2  Reactor  Flush 


(a)  Increase  pump  rate  two  to  three  ones  the  nor¬ 
ma  1  rate. 

(b)  Decrease  reactor  t  emper.tt  ui  bv  Pd'V. 

(c)  (s'lll  1  mil  pumping  *  lesll  iced  t  O)  one  boil!  . 
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(d)  After  a  one-hour  flush,  turn  off  the  feed  pump 
and  open  tne  reactors  and  feed  line  drain  valves. 

(e)  After  molten  material  stops  draining,  connect 
an  air  line  to  reactor  overhead  system  and  ap¬ 
ply  40-50  psig  air  to  the  reactor  tubes.  The 
product  melt  and  off-gas  line  valves  must  also  be 
closed.  Maintain  air  pressure  until  molten 
material  stops  draining  from  the  reactor. 

(f)  Release  pressure  and  close  the  reactor  feed 
valves.  Apply  10  psig  steam  tc  the  feed  line, 
and  blow  back  to  the  drain  valve  below  the  feed 
pump . 

(g)  Cool  down  reactor. 


3  Emergency  Shutdown 

a  Electric  Failure 

(1)  Blow  out  lines  with  steam  or  air. 

(2)  Drain  the  reactor  as  in  2(e)  through  (g) 
above . 

(3)  Turn  off  electric  equipment  switches. 

(4)  Leave  steam  on  tracings,  etc. 

_b  Steam  Failure 

(1)  Isolate  tanks  and  drain  lines  immediately 
wherever  possible. 

("1’v  Blow  out.  lines  with  air. 

(3)  Drain  reactor  and  blow  down  with  air. 

(4)  Turn  off  equipment  motors. 

£  Air  Eat  lure 

An  air  reservoir  tank  is  availaole  as  a  backup  air  supply. 
If  building  air  is  lost,  switch  over  to  this  tank.  Ii  air  failure  is  long 
term,  follow  shutdown  procedures. 

d  Water  Failure 

If  the  water  pleasure*  in  the  building  becomes  too  low, 
the  fire  system  low-pressure  alarm  will  be  energized.  Since  a  water  failure 
eventually  results  in  a  steam  failure,  follow  the  above  procedure  for  a 
steam  failure. 


4 .  Safety  Design  Cons i de ra l i ons 

Sensitivity  testing,  engineer  in*;  ana  1 V  l;  of  pilot  plant 
equipment,  preparation  of  a  Logic  Model  (Fault  free)  and  performance  of  a 
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risk  analysis  for  the  GN  pilot  plant  were  interrelated  functions  and  were 
performed  during  Phases  I,  II  and  III,  For  the  purpose  of  continuity,  the 
results  from  all  three  phases  are  discussed  in  this  section.  A  final  Hazards 
Analysis  summary  report  is  presented  ir*.  Appendix  IV. 


a.  Sensitivity  Testing 

Initiation  testing  of  simulated  process  materials  was 
completed,  and  the  results  are  presented  in  Figure  56  and  Table  43.  These 
tests  consisted  of  subjecting  in-process  materials  to  impact,  friction  and 
electrostatic  discharge  (ESD)  stimuli  to  determine  threshold  initiation 
levels  (TIL's)  for  each  material.  An  inspection  of  the  data  shows  that  the 
process  materials  are  relatively  insensitive.  Many  samples  could  not  be 
initiated  at  the  limits  of  the  standard  test  machines  (these  materials  can 
be  identified  by  the  equal  to  or  greater  than  (s.)  sign  preceding  the  sensi¬ 
tivity  value  in  Table  43).  The  limit  of  the  impact  test  machine  is  reached 
when  a  sample  fails  to  initiate  when  a  2-Kg  weight  is  dropped  on  it  from  a 
height  of  120  cm  (over  a  known  impact  area).  A  friction  TIL  value  was  ob¬ 
tained  for  AN/GN/U  =  45/40/15  while  all  other  combinations  exceeded  the 
limits  of  the  test.  The  ESD  threshold  values  ranged  from  0.075  to  1.26 
joules.  They  are  above  the  energy  region  that  could  be  available  from  a 
human  being  (0.013  joule  maximum).  A  Lira  Analyzer  (Model  300)  was  used  in 
all  sensitivity  testing  to  determine  if  initiation  occurred.  This  instrument 
detects  the  presence  of  decomposition  gases  CO,  CC>2 ,  N02  and  NO.  Therefore, 
initiation  does  not  necessarily  mean  that  a  flash  fire  or  smoke  will  occur, 
but  rather  that  some  gaseous  decomposition  occurs.  Differential  Scanning 
Calorimeter  tests  showed  that  high  temperatures  (266  to  295°C)  were  required 
for  anv  exothermic  reaction. 

1_  Transition  Testing 

Transition  tests  were  performed  to  determine  the  ef¬ 
fect  of  initiation  or.  the  ability  of  a  material  to  transit  from  flame  Ini¬ 
tiation  to  an  explosive  reaction  in  terms  of  material  height  under  specific 
environmental  conditions. 


Tests  on  the  reactor  mixture  were  performed  at  both 
ABL  and  Kenvil.  Initial  tests  were  run  in  containers  smaller  than  pilot 
plant  reactor  tubes  with  the  intent  of  extrapolating  data  to  determine  if 
th«_  reactors  would  transit  to  an  explosion  if  the  material  was  initialed. 
However,  no  reaction  occurred  in  a  1  inch  x  48  inch  container.  Therefore, 
a  2  inch  x  12  foot  container  was  used  for  a  test  performed  at  the  Kenvil 
Plant,  and  no  explosive  reaction  occurred.  b i nee  material  height  required 
for  explosion  to  occur  increases  as  the  diameter  increases,  it  was  concluded 
from  the  Kenvil  tests  that  an  explosive  reaction  would  not  occur  in  the 
4  inch  x  12  foot  pilot  plant  reactors  if  initiation  occurred. 


•  '  ,  Transition  tests  were  also  performed  on  guanidine 

nitrate,  and  no  explosive  reaction  occurred  in  a  1  inch  x  24  inch  container. 
Again,  after  considering  pilot  plant  equipment  dimensions,  it  was  concluded 
that  no  transition  hazard  existed  in  pilot  plant  equipment  handling  guani¬ 
dine  nitrate. 


Because  of  the  importance  of  determining  the  r  ifety 
of  the  packed  bed  tubular  reactors,  the  full-scale  transition  tests  are  dis¬ 
cussed  below  in  detail. 


Six  transition  tests  v-ere  conducted.  General  condi¬ 
tions  for  the  first  three  teste  are  outlined  below: 

(1)  Pipe  -  1  inch  diameter  x  12  foot  tall, 
carbon  steal,  top  vented. 

(2)  Catalyst  -  Hoodry  silica  beads  packed 
full  length  of  pipe. 

(J)  Pipe  position  -  30"  from  vertical. 

(4;  Method  of  heating  -  External  electrical 
heating  tapes. 

(5)  Peed  material  -  1/1  molar  ratio  of  urea 
and  ammonium  nitrate.  Pipe  filled  to 
12-foot  height, 

(6)  Ignition  -  High-resistance  Pyrofuze, 

0.004-inch  diameter,  30  to  40  feet 
coiled,  installed  at  bottom  of  pipe. 

(7)  Time  of  ignition  -  Approximately  30 
minutes  after  reaching  I90°C. 

(8)  Temperature  measurement  -  Top  and  bot¬ 
tom  thermocouples. 

(9)  Velocity  profll°  measurement  -  Two  ex¬ 
ternally  mounted  pressure  chronograph 
sensors . 


Of  the  first  three  tests  completed,  two  were  valid 
tests  with  no  burning  or  explosion  following  flame  initiation.  One  of  the 
tests  was  not  valid  because  of  a  premature  gas  release  before  ignition.  No 
attempt  was  made  to  ignite  the  Pyrofuze,  since  the  gas  release  expelled  the 

pipe  contents. 


Three  additional  tests  were  made  after  the  pipe-  dia¬ 
meter  was  increased  to  2  incoes  to  prevent  gas  evolution  problems .  Two  of 
these  tests  were  invalid  because  of  equipment  failures ,  Flu'  tests  did  point 
out  areas  of  design  consideration;  e.g.,  adequate  vent: :  nr  of  reactors  and 
lack  of  radial  plugs  on  startup. 


following  paragraphs. 


The  six  tests  are  discussed  in  more  detail  in  the 


a  Test  No.  1 

For  this  test,  the  Pyrofuze  electrical  leads  and 
the  top  and  bottom  thermocouple  wires  entered  the  test  pipe  from  the  top. 

The  bottom  of  the  pipe  was  closed  with  a  standard  pipe  cap.  The  molten 
urea/ammonium  nitrate  mixture  was  added  to  the  catalyst-packed  pipe,  and 
the  contents  were  heated  to  1908C.  Reaction  was  evident  from  the  odor  of 
ammonia  in  the  atmosphere.  After  25  minutes  of  reaction  at  190°C,  the  Pyro- 
fuze  was  ignited.  Thirty  minutes  after  flame  initiation  and  elimination  of 
heat  input  via  electric  tapes,  the  contents  of  the  pipe  were  expelled  from 
the  open  end  as  a  result  of  gas  release.  It  is  assumed  that  the  diameter 
of  the  packed  pipe  was  insufficient  to  handle  the  gas  evolution.  The  bot¬ 
tom  of  the  pipe  was  significantly  hotter  than  the  middle  or  upper  sections. 
Removal  of  the  bottom  pipe  cap  revealed  charred  c^talvst  -  <>”Hpnrp  that 
there  had  been  a  fire  within  the  pipe.  Transition  did  not,  occur. 


b  Test  No.  2 

The  equipment  setup  and  test  procedure  for  this 
test  were  essentially  the  same  as  for  Test  No.  1  except  that  the  bottom 
thermocouple  (sheathed  stainless  steel)  and  the  Pyrofuze  electrical  leads 
were  installed  through  a  bottom  tee  arrangement.  After  approximately  30 
minutes  of  reaction  time  at  190°C,  the  Pyrofuze  circuit  was  energized.  The 
bottom  thermocouple  (located  2-1/2  feet  from  the  bottom)  registered  a  45- 
50°F  temperature  rise  within  1  to  2  minutes.  Charred  catalyst  was  found  in 
the  bottom  of  the  test  pipe,  indicating  that  the  Pyrofuze  ignited  and  burned. 
Catalyst  and  reaction  mix  located  about  midway  in  the  pipe  were  clean. 
Transition  did  not  occur . 


c  Test  No. _ 3 


TVs  test  was  planned  as  a  repeat  of  Test  No,  2 
with  respect  to  equipment  assembly,  test  procedure,  etc.  Due  to  a  late 
start,  the  pipe  contents  were  heated  more  rapidly  than  normal  to  the  190°C 
reactor  temperature.  After  18  minutes  of  reaction  at  190° C,  the  pipe  con¬ 
tents  were  expelled  as  a  result  of  gas  evolution.  The  Pyrofuze  circuit  was 
not  energized.  F.xaminat ion  of  the  pipe  interior  and  material  found  on  the 
grounl  d<d  not  disclose  evidence  of  a  fire.  It.  is  believed  that  the  rate  of 
gas  formation  was  too  great  for  the  1- inch- diameter  pipe .  This  was  not  a 
valid  test. 


d  Test  No. _ 4 

For  this  test,  the  pipe  diameter  was  changed  from 
1  inch  to  2  Inches ,  and  the  material  of  construction  of  the  1 3- foot- long 


pipe  was  changed  to  304  stainless  steel.  The  Pyrofuze  (source  of  flame  ini¬ 
tiation)  wa3  wrapped  in  aluminum  foil  before  it  was  installed  in  the  bottom 
of  the  pipe.  Temperatures  were  monitored  with  both  top  and  bottom-entering 
thermocouples.  After  the  pipe  had  been  loaded  with  Hcudry  silica  beads  and 
a  new  1/1  U/AN  melt,  the  temperature  was  raised  to  190°C  over  a  period  of 
about  60  minutes.  Pyrofuze  failed  to  ignite  when  the  system  was  energized. 
It  is  presumed  that  the  Pyrofuze  circuit  was  short-circuited  by  either  the 
thermocouple  or  the  aluminum  wrap. 


The  reactor  contents  were  subsequently  raised  to  a 
temperature  of  240°C  and  held  at  this  level  for  30  minutes.  There  was  no 
exothermic  reaction. 


This  transition  test  was  considered  invalid  be- 

cs.use  of  the  fuze  failure. 


£  Test  No.  5 

The  test  pipe  and  its  contents  from  the  No.  4  test 
were  used  for  this  test.  The  new  Pyrofuze  ib;.ilv,r  wrapped  in  polyethy¬ 
lene  rather  than  aluminum  foil.  After  the  contents  of  the  simulated  reac ' or 
had  leveled  out  at  reaction  temperature  (190°C),  there  was  a  loud  report 
from  the  bomb  butt.  Ignition  of  the  Pyrofuze  was  never  attempted.  Examina¬ 
tion  of  the  test  setup  showed  that  the  thermocouple  Conax  adaptor  and  the 
bottom  carbon  steel  plug  had  been  blown  clear  of  die  pipe.  There  was  no 
evidence  of  a  fire.  A  pressure  buildup  in  the  pipe  resulted  ,  n  failure  of 
the  bottom  fittings.  Subsequent  examination  of  the  pipe  interior  showed 
that  the  pipe  was  plugged  about  midway  along  the  axial  length.  Past  review 
of  the  experiment  recalled  the  fact  that  the  center  heating  tape  had  been 
taken  out  of  service  due  to  a  malfunction.  This  would  have  prohibited  the 
melting  of  material  in  this  location.  This  test  was  invalid. 


f  Test  No.  6 


A  new  piece  of  2- inch- diameter ,  13-foot- long  sec¬ 
tion  of  304  stainless  steel  pipe  was  obtained  for  this  test.  Thermocouples 
and  Pyrofuze  leads  were  installed  from  the  top  (open  end)  while  the  bottom 
was  capped  off.  Various  Pyrofuze  igniter  designs  were  evaluated  to  deter¬ 
mine  the  system  that  would  yield  the  greatest  assurance  of  success.  The 
pipe  was  loaded  with  nondiy  silica  beads  and  a  new  1/1  U/AN  melt.  Tempera¬ 
ture  of  the  pipe  contents  was  raised  to  190°C.  During  the  heatup,  the  rate 
of  temperature  rise  increased  from  the  normal  slope,  and  consequently,  the 
material  was  at  reaction  temperature  tor  only  15-20  minutes  before  the  Pyro¬ 
fuze  circuit  was  energized.  It  is  uelieved  that  this  is  sufficient  time  to 
obtain  a  aatisfactoiy  conversion  of  the  raw  materials. 


Following  cooldown  of  the  pipe,  the  bottom  pipe 
cap  was  removed.  Approximately  75%  of  the  Pyrofuze  (50  feet  had  been  charged 
to  the  fuze  circuit)  had  been  consumed,  indicating  that  a  fire  had  existed 
in  the  pipe.  There  was  some  evidence  of  darkened  catalyst  beads.  This 
was  a  valid  test. 


2  Materials  Testing  -  Bonfire  Tests 

To  determine  the  potential  problems  that  may  be  en¬ 
countered  in  the  event  of  a  building  fire,  selected  bonfire  tests  were  per¬ 
formed.  The  tests  were  designed  to  simulate  either  reactor  product  or  re¬ 
actor  contents.  Active  ingredients  were  Cyanamid  of  Canada  guanidine  nitrate 
and  analytical  grades  (Mallinckrodt )  urea  and  ammonium  nitrate.  The  various 
combinations  tested  are  shown  below: 


Test 

No. 

GN/AN/U 
(Wt.  %) 

Other 

Remarks 

1 

30/50/20 

- 

Simulate  reactor  product 

2 

30/50/20 

- 

Simulate  reactor  product 

3 

15/25/10 

50  wt .  %  silica 
gel 

Simulate  reaction  mix 
with  catalyst 

A 

30/50/20 

1  wt .  %  micro¬ 
balloons 

Simulate  reaction  mix 
with  gas  bubbles 

Testing  of  the  above  systems  consisted  essentially  of 
charging  the  blend  of  materials  (about  A  pounds)  to  a  1-gallon  paint  can  and 
suspending  the  filled  can  over  a  wood  fire.  The  cans  were  fitted  with  a 
loose  lid  and  contained  a  thermocouple.  All  tests  were  viewed  from  a  dis¬ 
tance  . 


The  following  conclusions  were  made  based  on  the  re¬ 
sults  of  the  four  bonfire  tests: 

(1)  None  of  the  mixes  subjected  to  the  bon¬ 
fire  environment  detonated. 

(2)  All  of  the  mixtures  burned  but  only  when 
the  contents  of  the  can  spilled  into  the 
flames,  generally  at  temperatures  •>500°F 

(3)  The  faster  rise  in  temperature  for  Tests 
j  and  A  was  attributed  to  improved  heat 
transfer  and/or  improved  mixing  as  a  re¬ 
sult  of  the  added  silica  gel  or  micro- 
ball  oons  . 
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Propagation  Tests 


Propagation  tests  determine  explosive  propagation 
characteristics  of  a  material  in  terms  of  the  diameter  of  the  material  when 
it  is  subjected  to  a  shock  stimuli.  The  results  showed  ilidt  guanidine 
nitrate  and  the  material  in  the  reactors  will  propagate  an  explosive  re¬ 
action,  since  both  of  their  critical  diameters  are  less  than  one  inch. 
However,  it  must  be  remembered  that  the  transition  tests  demonstrated  that 
these  materials,  under  the  pilot  plant  conditions,  would  not  transit  to  an 
explosion.  In  other  words,  the  pilot  plant  process  materials  are  not  cap¬ 
able  of  supplying  a  shock  stimulus  for  propagation  to  occur. 


Propagation  tests  performed  on  other  samples  show 
that  no  propagation  would  occur  in  the  one- inch  piping  used  in  the  pilot 

plant . 


it  Dust  Explosibi lity 

Dust  explosibility  tests  were  performed  in  an  effort 
to  determine  the  minimum  concentration  and  minimum  energy  required  to  ini¬ 
tiate  guanidine  nitrate  in  a  dusty  atmosphere.  The  guanidine  nitrate  was 
screened  to  <  53  micron,  and  two  different  sources  of  initiation  were  used. 
Initially,  a  continuous  sparking  electrode  was  attempted;  however,  no  ini¬ 
tiation  of  a  GN/air  dust  cloud  could  be  obtained.  The  test  was  rerun  using 
as  an  ignition  source  fibrous  nitrocellulose  which  is  a  more  violent  source 
of  Initiation  than  the  sparking  electrodes.  In  both  cases,  the  guanidine 
nitrate  d-ist/air  mixture  could  not  be  initiated  at  the  standard  test  limits 
of  the  machine  (4.1  oz/ft^). 


b.  Hazard  Evaluations 


The  engineering  analysis  for  selected  equipment  was  based 
on  equipment  drawings,  specifications  and  maximum  operating  parameters  fur¬ 
nished  by  Kenvil  and  the  Research  Center.  Since  no  on-site  measurements 
(i.e.,  forces,  pressures,  and  velocities)  were  made,  tensile  strengths  or 
yield  points  of  materials  involved  were  used  to  obtain  safety  margins.  In 
general,  the  safety  margins  found  on  equipment,  are  representative  of  "worst 
case"  condition,  so  the  analysis  would  be  conservative  from  a  safety  point 
of  view. 


In  the  process  in  which  equipment  handles  a  water  slurry, 
the  analysis  was  based  on  water-free  material  response  data,  since  testing 
was  not  done  with  water  slurries.  The  use  of  water-free  material  values 
would  render  conservative  results  since  the  water  would  most  likely  act  as 
an  extinguisher  for  any  initiation.  This  type  of  an  analysis,  using  water- 
free  sensitivity  data,  would  apply  to  start-up  or  shut-down  modes  of  opera¬ 
tion  or  a  process  "upset  condition"  in  which  a  sufficient  amount  of  water 
would  not  be  present. 
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A  hazards  analysis  was  performed  on  pilot  plant  pumps, 
mixers,  reactors,  valves,  centrifuge,  crystallizer  and  dryer  in  which  in- 
process  potentials  and  material  response  data  (expressed  in  similar  engineer¬ 
ing  terms)  were  compared  to  obtain  quantitative  safety  margins  for  normal 
and  abnormal  conditions.  The  initial  pilot  plant  design  specified  high¬ 
speed  ECO  centrifugal  pumps  for  almost  all  applications.  Analysis  showed 
that  this  type  of  pump  could  cause  initiations  at  the  seal  faces  and,  to 
overcome  this  problem,  the  speed  must  be  reduced  to  2800  rpm.  Required 
heads  and  rates  prohibited  a  reduction  in  speed.  Consequently,  Gould  pumps 
were  selected  whereby  reduced  shaft  and  seal  speeds  could  be  obtained.  Pump 
speed  and  impeller  diameter  were  selected  for  each  application.  For  example, 
a  3450-rpm  centrifugal  pump  with  a  carbon/ceramic  mechanical  seal  was  selected 
to  pump  material  to  the  crystallizer.  Velocity  of  the  rotating  seal  parts 
was  calculated  to  be  16.9  ft/sec  with  a  normal  pressure  of  30  psi  and  an 
abnormal  pressure  of  ~  8000  psi  (yield  point  of  carbon).  Extropolation  of 
the  friction  data  for  this  process  material  showed  no  positive  safety  margin 
at  16.9  ft /sec.  A  pump  with  a  reduced  speed  (1750  rpm)  and  a  Teflon  pack¬ 
ing  gland  was  substituted.  The  i;.  process  potenM»l  for  this  nump  was  24  psi 
(normal)  to  ~  5000  psi  (abnormal)  at  a  velocity  of  8.6  ft/sec.  Material 
response  at  8.6  ft/sec  is  43,000  psi.  Consequently,  safety  margins  of 
8.6  to  1797  were  realized  by  this  change. 

The  "Lightnin"  Fixed-Mount  mixers  presented  no  problems 
under  normal  conditions.  It  was  recommended  that  mixer  shaft  seals  be 
placed  outside  the  tanks  and  ti.  impellers  be  attached  positively  to  the 
shaft.  The  latter  condition  was  accomplished  by  spot  welding. 

The  Strong  Scott  rotary,  counter-current  dryer  was  analyzed 
and  found  to  present  no  hazard  under  normal  operating  conditions.  Since  the 
blade  tip  speed  in  the  dryer  vtould  be  about  56.3  ft/sec  foreign  objects 
must  be  eliminated  and  metal-to-metal  contact  between  the  blades  and  the 
dryer  body  must  be  prevented.  The  blades  were  subsequently  spot  welded  to 
the  rotor.  Should  the  dryer  bearings  become  contcrninated  with  GI),  initia¬ 
tion  most  likely  would  occur.  Such  initiation  could  cause  bearing  deteriora¬ 
tion  and,  ultimately,  an  unbalance  along  the  dryer  axis,  resulting  in  fric¬ 
tional  contact  between  dryer  blades  and  body.  If  ignition  should  occui , 
the  material  (GN)  would  not  transit  to  an  explosion. 

The  Specified  Swenson  Draft  Tube  Crystallizer  contains  a 
bottom  entering  agitator  operated  at  0-350  rpm.  Analysis  showed  a  safety 
margin  for  this  agitator  assembly  (mechanical  seal  faces)  of  25.7.  The 
DeLaval  Link  Suspended  Centrifuge  for  separating  GN  from  the  crystallizer 
slurry  was  of  particular  concern  from  a  hazards  analysis  viewpoint.  Under 
normal  conditions,  the  charging  of  slurry  to  a  rotating  basket  and  plowing 
the  wet  cake  from  the  basket  would  present  no  problems.  Of  primary  concern 
was  that  of  the  plow  nitting  the  basket  at  full  speed  of  the  centrifuge. 

Under  this  abnormal  condition,  there  would  be  no  saiety  margin.  Corrective 
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action  consisted  of  designing  into  the  rystem  a  positive  plow  lock  device  to 
prevent  the  blade  from  moving  into  the  basket  and  an  interlock  to  prevent 
cake  plowing  above  a  preset  basket  speed  (e.g.,  50-70  rpm) . 


In  general,  all  normal  and  some  abnormal  operations  have 
adequate  safety  margins.  Abnormal  occurrences  such  as  impellers  or  mix 
blades  breaking  and  hitting  metal  parts  would  cause  initiation  (no  safety 
margin),  but  would  not  result  in  transition.  The  probabilities  of  s ich 
events  occurring  over  the  life  of  pilot  plant  operations  are  5  x  10*^  to 
5  x  10-5. 


Examples  of  calculating  in-process  potentials  and  safety 
margins  for  pumps,  dryer,  and  centrifuge  are  presented  in  Table  44.  A 
hazard  evaluation  summary  for  the  pilot  plant  equipment  is  presented  in 
Table  45. 


c.  Logic  Model 

A  logic  model  (Fault  Tree)  is  a  concise  and  orderly  des¬ 
cription  of  various  combinations  of  events  that  can  lead  to  a  predefined 
"undesired"  event.  The  logic  model  is  presented  in  a  diagram  or  blueprint 
form  and  results  in  an  engineering  capability  to  identify  and  evaluate  the 
overall  effect  of  component  failure,  controls  or  human  actions  on  the  system. 
The  logic  model  constructed  for  analysis  of  the  pilot  plant  (described  in 
detail  in  the  Appendix)  yielded  a  total  o..  '<  j2  potential  failure  modes.  Of 
these,  only  21  were  considered  to  be  significant  or  critical.  These  failure 
modes  would  result,  at  most,  in  initiation  and  not  transition  to  explosion. 
The  basic  failure  modes  are  impeller,  shaft,  and/or  alignment.  Continuous 
operation  of  800  hours  was  assumed. 


The  probability  of  initiation  then  becomes  the  product  of 
the  probability  of  failure,  times  the  proportion  of  operating  time  the  fail¬ 
ure  rate  applies,  times  the  material  response  probability.  For  example,  the 
impeller,  shaft  and  shaft  packing  for  the  Goulds  Pump  (mixing  system)  had  a 
combined  failure  rate  of  seven  per  million  operating  hours  (7.10*6).  Thus, 
after  800  hours,  the  probability  of  failure  becomes  7.10*6  times  800  or 
5.6-  10*V  Multiplying  this  probability  of  5.6  •10_/>  times  the  proportion  of 
operating  time  it  applies,  times  material  response  probability  gives  an  over 
all  probability  of  initiation,  or  5.6- 10*4  times  1.0  times  0.98  or  5.6-10-4. 
The  overall  probability  for  the  pilot  plant  is  4.6«10“-'.  The  overall 
reliability  of  the  pilot  plant  system  is  0.99536.  It  must  be  emphasized 
that  this  probability  assumed  800  hours  at  continuous  operation  without  re¬ 
pairs  or  maintenance .  Any  such  action  within  the  800  hours  would  tend  to 
reduce  this  probability  to  a  much  smaller  quantity. 
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TABLE  44 


HAZARDS  ANALYSIS  OF  GN  PILOT  PLANT  EQUIPMENT 


P-100  -  U/AN  Melt  Transfer  Pump 
T ype  Pump  - 

Shaft  Velocity  - 

Impeller  Velocity  - 

Process  Material  - 

Hazards  Analysis 

Initiation  Mode  &  In- 
Process  Potential 

Normal 

Friction  In  Shaft  Packing 
Not  totally  defined 
(ca.  20  psig  <?  8.6  fps*) 

Abnormal 


Gould  Centrifugal,  1750  rpm,  as¬ 
bestos-filled  Teflon  packing, 
1.25"  Diameter  Shaft,  4.875" 
Diameter  Impeller,  304  S  .S . 

8.6  f t . /sec 

37.2  ft./snc 

807720%,  AN/U  melt  @  120°C 


Material  Response 
(psig  Q  ft. /sec) 


35,185  @  10 


Safety  Margin 


^  7.8  based  on 
abnormal  condl- 
t  ion 


a.  Fraction  in  Shaft  Pack-  39.090  (<i  8 

fng  5000  psig  @  8.6  ft./ 

sec  (yield  strength  of 
Teflon) 

b.  Friction  impeller  to  case  -»  39,090  (J  8 
45,000  psig  (<*  37.2  ft./ 

sec  (yield  strength  of 
stainless  steel) 

P - 1 04  &  P-106  -  Quenched  Reactor  Product 


7.8 


None ( I  ) 


Type  Pump  - 


Same  as  P-100 


^Pressure  between  packing  and  shaft  will  equal  pump  NPSH  (net  positive  suction 
bead)  +  20%  of  maximum  discharge  pressure. 

(^Possibility  of  impeller  coming  loose  very  remote.  If  ignition  tU  c»  occur, 
there  will  he  no  transition. 
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TABLE  44  (CONT’D.) 


Shaft  Velocity  - 
Impeller  Velocity  - 
Process  Material  - 


Hazards  Analysis 

Initiation  Mode  &  In- 
Process  Potential 

Normal 

Friction  In  Shaft  Tacking 
Net  totally  defined 
(ca.  20  psig  @  8.6  ft./ 
sec)* 

Abnormal 

a.  Friction  In  Shaft  Pack¬ 
ing  5000  psig  @  8.6  ft./ 
sec  (yield  strength  of 
Teflon) 

b.  Friction  impeller  to 
case  45,000  psig  @  37.2 
ft. /sec  (yield  strength 
of  stainless  steel) 

3.  P-i08  -  Filtrate  Transfer  Pump 

Type  Pump  - 
Shaft  Velocity  - 
Impeller  Velocity  - 
Process  Material  - 


8.6  ft. /sec 
37.2  ft. /sec 

26 % /29 % /6 7. / 39 X ,  AN/GN/U/ 

H2O  @  90°C 

Material  Response 

(psig  @  ft . / sec )  Safety  Margin 

35,185  @10  >  7 

Based  on  abnor¬ 
mal  conditions 

.5,185  <a  10  None*1) 


Same  as  P-100 
f  .6  ft. /sec 
37.2  ft. /sec 

347./97./8Z/497.  AN'ON/U/HoO 
@  20°C 


♦Pressure  between  packing  snd  shaft  "111  equal  pump  NPSH  (net  positive  suction 
head)  +  207.  of  maximum  discharge  pressure. 

^^Possibility  of  Impeller  ci>ming  loose  very  remote.  If  Ignition  Joes  occur, 
there  will  be  no  transition. 
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TABLE  44  (CONT'D.) 


Hazards  Analysis 

Initiation  Mode  &  In-  Material  Response 

Process  Potential  (psig  @  ft . /sec )  Safety  Margin 

Normal 


Friction  In  Shaft  Packing 
Not  totally  defined 
(ca.  20  psig  @8.6  ft. /sec* 

Abnormal 

a.  Friction  In  Shaft  Pack¬ 
ing  5000  psig  @8.6 

ft .  /sec 

b,  Friction  impeller  to  case 
45,000  psig  @  37.2  ft./ 
sec  (yield  strength  of 
stainless  steel) 

4 •  P-107  -  GN  Slurry  Transfer 

Type  Pump  - 


Shaft  Velocity  - 

I  mpe  Her  Ve  1  oc  1 1  y  - 

Mechanical  Seal  Velocity  (outer  - 

edge ) 

Seal  Spring  Loan  - 
Process  Material  - 


35,185  @  10  ■’  7 


35.185  @10  7 

38.185  @  10  None ( 


Gould's  Centrifugal,  1750  rpm. 
Double  Mechanical  Seal  (Car¬ 
bon  -  Stainless  Steel),  1.25" 
Diam.  Shaft,  3.75  diameter 
1 mpe 1 ler ,  304 ,  S  ,S  . 

8.6  ft. /sec 

28.6  ft. /set 
11.9  ft . /sec 


lt>  pounds 

287/327/61/ 347 ,  AN/GN/U/HaO 
(Use  hire,  4  0/45/15,  AN  /GN  /U 
solid  da  til) 


♦Pressure  between  packing  and  shall  will  equal  pump  NPSU  (net  positive  suction 
head)  +  207.  of  maximum  discharge  pressure. 

(^Possibility  of  impeller  coming  loose  very  remote.  If  Ignition  dm  occur, 
there  will  be  no  transition. 
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TABLE  44  (CONT'D.) 


Hazards  Analysis 

Initiation  Mode  &  In-  Material  Response 

Process  Potential  (psig  0  ft. /sec)  Safety  Margin 


Normal 


Mechanical  seal  frict.on** 
ca.  35  psig  0  11.9  ft  / 
sec 

Abnorma 1 

a.  Mechanical  Seal  Friction, 
Abnormal  wear  8800  pst  @ 
11.9  ft. /sec  (yield 
strength  of  carbon) 

b.  Friction  impeller  to  case 
45,000  psig  0  2f  .6  tc./ 
sec  (yield  strength  of 
stainless  steel) 

5 .  P-102  -  Reactor  Feed  ump 

Type  Pump  - 


Shaft  Velocity  - 
Impeller  Velocity  - 
Process  Mater  al  - 


~  25,000  0  12  714 

~  25,000  0  12  2.8 

~  25,000  0  12  None(D 


Goulds  Centrifugal,  3500  rf n, 
asbestos-filled  Teflon  pack¬ 
ing,  1.125"  diameter  shaft, 

4"  diameter  impeller,  304  S.S. 

17.2  ft. /sec 

61  f t . /sec 

52T./97./397,,  AN/GN/U  0  120°C 


**Based  on  spring  load  and  contact  area  of  mechanical  seal  faces, 

^‘^Possibility  of  impeller  coming  loos  very  remote.  It  ignition  does  occur, 
there  will  be  no  t  rar.si  t  ion  . 
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TABIJ2  44  (CONT'D.) 


Hazards  Analysis 


Initiation  Mode  &  In-  Material  Response 

Process  Potential  (psig  (3  ft.  /sec )  Safety  Margin 

Normal 


Friction  in  shaft  packing 
Not  totally  defined  (ca. 
20  psig  @  17.2  ft. /sec)* 


(22,000  @  17.2  (1100  based  on 
by  extrapola-  extrapolation) 
tion) 


Abnorma 1 


a.  Friction  in  shaft  pack¬ 
ing  5000  psig  @  17.2  ft./ 
sec  (yield  strength  of 
Teflon 

b.  Friction  impeller  to  case 
45,000  psig  @  61  ft. /sec. 
(yield  of  stainless) 


(22,000  @  17.2 
by  extrapola- 
t  ion) 

^  58,870  @  10 


(4.4  based  on 
extrapolation) 


None ( 1 ) 


6  .  P-109  -  Evaporator  Feed  Pump 

Type  Pump  - 


Same  as  P-102 


Shaft  Velocity  - 


17.2  ft. /sec 


Impeller  Velocity  - 


61  ft. /sec 


Process  Material 


34779?.  18 71/4  97. ,  AN  /ON  /U  /HpO 
l?  20°  C 


Hazards  Analysis 


Initiation  Mode  &  In-  Material  Response 

Process  Potential _  (paig  @  ft.  /sec)  Safety  Margin 

Normal 


Friction  in  shaft  packing 
Not  totally  defined  (ca. 
20  psig  &  17.2  ft. /sec)* 


4900  7  18 
(Tef1 on /Steel) 


(250  based  on 
20  psig  @  17 
f !  ,  /sec  ) 


♦Pressure  between  packing  and  shaft  will  equal  pump  NFSH  (net  positive  suction 
head)  +  207.  of  maximum  discharge  pressure. 

(^Possibility  of  impel  1  e  t  c  o  m  irig  loose  v  e  r  V  r  e  m  o  l  r  .  I  i  ignition  d  o  e 
the  re  will  be  no  t  rans 1 1 1  on . 

2 


occur  t 


TABLE  44  (CONT'D.) 


Initiation  Mode  &  In-  Material  Response 

Process  Potential  (pslg  @  ft . /sec )  Safety  Margin 

Abnormal 


a.  Friction  in  shaft  packing 
5000  psig  (3  17.2  ft. /sec 
(yield  strength  of  Teflon) 

b.  Friction  impeller  to  case 
45,000  @  61  ft. /sec  (yield 
strength  of  stainless 
steel ) 


22,000  @  17.2 
(6  7/24/9  (? 
13Q*C  data) 

*  58,870  <a  10 


4.4 


None( 1) 


7.  A- 700  GN  Dryer 
Description  - 


Speed  - 


Shaft  Diameter  - 


Strong-Scott  Solidair  Rotary 
Dryer,  fixed  paddles.  Neoprene 
lip  seals  each  end  of  dryer, 
sealed  external  bearings, 

304  S.S. 

19  -  1520  rpm  (Normal  - 
350  rpm) 

1 .5  inches 


Paddle  Diameter 
S  ha  1 1  Vi-  i  ut  u  y 

Psdd  ie  Ve  Lor  i  t.  y 


8.375  inches 

9. 3  ft, /sec  (Normal);  9.9 
ft. /sec  (Max.) 

<2.56  ft. /sec  (Normal); 

55.3  ft. /sec  (Max.) 


!  { ax  at  ■  i  Ana  1  v  $  is 


Inil iat ion  Mode  &  In- 
Proc  ss  Potent  i  a  1 


M<  .rma  1 


Ma  t  e  t  1  a  1  Re  :,pu  n  s  e 

(ps ig  (•'  ft  ./sec)  Safet  y  Margin 


a, Friction  sip  seal  ''  122,800  (9  2,3 

4000  nsig  f*1  2,3  ft  .  /sec 
(yield  strength  ot  neo¬ 
prene  ) 


^‘^Possibility  ot  iir'.pt  lli  r  coming 
theft-  will  he  no  t  raiisi  t  ion  . 


tost.-  verv  i  esco 


It 


jgmt  ion 


TABLE  44  (CONT'D.) 


Initiation  Mode  &  In-  Material  Response 

Process  Potential  (psig  &  f t , /sec )  Safety  Margin 


b.ERD  in  dryer 
0,04  joules 


0.075  joules  1 .9 

(worst  case  - 
commercial 
grade) 


Abnormal 


a.  Friction  lip  seal,  max. 
vel.  4000  psig  @  9.9 
ft. /sec  (yield  strength 
of  Neoprene) 

b.  Paddle  hit  shell  (nor¬ 
mal  velocity)  4500  psig 
(2  12.5  ft.  /sec  (yield 
strength  stainless 
steel) 

c  .Paddle  hit  shell  (max. 
vel.)  45,000  psig  (2 
55.3  ft. /sec  (yield 
strength  of  stainless 
steel) 


?■  122,800  @  10 


ca.  110,000  @ 
125 


c:a.  0  (2  55.3 
(assume  linear 
extrapoi  ior.) 


30.5 


ca .  2  .4 


None*** 


8  S-600  GN  Centrifuge 

Description  - 


DeLavc  1  Link  Suspended,  22- 
inch  diameter  perforated 
basret,  variable  speed, 
hydraulic  drive,  interlokced 
for  low  speed  plowing,  304 
S ,S .  wetted  parts  . 


Speed  - 


0-1600  rpm  range  (70  rpm 
plowing  speed) 


Shaft  Diameter  - 


2  inches 


Bu s ke t  vel oc 1 1 y  - 


303  ft.  /sec  (Max.);  6.7  ft./ 
sec  (Plowing) 


***Speed  of  dryer 
trapo ration  of 
of  500  rpm  for 


will  be  limited  by  positive  stop  on  speed  adjustment.  Ex¬ 
friction  data  to  17.5  it. /sec  for  GN  yields  a  dryer  speed 
a  safety  margin  of  about  2. 


'-Tv  - 


vo*»v*F*»¥ 


TABLE  44  (CONI' D.) 


Shaft  Velocity  - 


Process  Material  - 

Initiation  Mode  &  In- 
Process  Potential 


a.  Plow  hits  bas  .et  (Plow 
vel . )  4500  @6.7  ft./ 
sec  (yield  strength  of 
stainless  steel) 

b. Plow  hits  basket  (Max. 

Vel.)  45,000  psig  @ 

303  ft. /sec  (yield 
strength  of  stainless 
steel) 

c.  Fraction  of  contaminated  ca ,  100,000  @  13.8  20 

teflon  bearing  seal  (Max. 

vel.)  5000  psig  @  13.8 
ft. /sec  (yield  strength 
teflon) 

d.  Friction  of  contaminated  ca.  150,000  @  0.5o  30 

teflon  bearing  seal(plow 

speed)  500u  psig  @  0.58 
ft. /sec  (yield  strength 
of  teflon) 

NOTE:  For  the  Gould  pumps  with  Teflon  packing,  it  was  assumed  that  under 
normal  conditions,  the  packing  would  be  adjusted  so  that  water  or 
process  fluid  could  flow  through  the  shaft-packing  annulus  In 
this  case, the  applied  pressure  between  the  packing  and  shaft  would 
approximate  the  sum  of  the  pumps  NPSH  (net  positive  section  head) 
and  207.  of  the  dead  head  pressure. 


13.8  ft. /sec  (Max.);  0.58  ft./ 
sec  )Plowing) 

85%/15%,  GN/H20  @  20°C 

Material  Response 

psig  @  ft . /sec _  Safety  Margin 

ca.  140,000  @6.7  3.1 

&  122,000  @  10  None**1* 


S 

I 

! 

i 

i 

i 


\ 

i 
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****Centrifuge  equipped  with  interlock  device  tu  prevent  plowing  at  speed 
greater  than  50-70  rpm.  Centrifuge  also  equipped  with  pcs  1  five  stop 
to  prevent  plow  from  hitting  basket. 


HAZARD  EVALUATION  SUMMARY 
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It  has  been  shewn  that  no  transition  is  possible  for 
guanidine  nitrate  material.  Thus,  the  maximum  expected  losses  to  be  ex¬ 
perienced  are  those  related  to  a  localized  initiation. 


d.  Safety 

The  process  flows,  material  balances,  equipment  specifi¬ 
cations,  building  layout,  etc.  are  shown  in  Figures  .52  and  53  and  Table  41. 
The  equipment  was  analyzed  by  the  Hercules  Hazard  Analysis  Technique.  In 
addition  to  this  analysis,  as  well  as  general  safety  considerations  in  de¬ 
signing  and  selecting  equipment,  other  safety  requirements  must  be  fulfilled. 
Some  of  the  safety  requirements  considered  for  this  program  are  listed  below. 

(1)  The  facilities  were  designed  to  comply  with 
DOD  4145. 26M,  the  DOD  Contractors'  Safety 
Manual.  Among  the  pertinent  safety  prac¬ 
tices  in  this  publication  are  those  refer¬ 
ring  to  the  quantity-distance  requirements, 
lightning  protection,  building  ventilation, 
and  building  personnel  limits  and  safety 
equipment . 

(2)  The  equipment  motors  and  starters  were 
selected  based  on  the  national  electrical 
code  for  special  occupancies.  Since  there 
is  a  possibility  of  dust  in  the  feed  and 
dryer  system,  the  classification  of  Class  2, 

Group  G,  was  specified. 

(_)  The  process  input  energies  and  failure  modes 
for  the  selected  equipment  under  planned 
operating  conditions  were  calculated  by  the 
Hazards  Analysis  group.  These  values  were 
compared  with  the  Phase  I  initiation  data 
(friction,  impact,  e'c.).  If  any  equipment 
item  exhibited  an  inadequate  safety  factor 
by  this  analysis,  either  it  was  replaced  by 
an  alternate  or  its  operating  condition  was 
altered  to  increase  ; ts  safety  fat  tor. 

(4)  Design  of  all  equipment  and  selection  of 

operating  conditions  wen  made  with  full  re¬ 
gard  to  the  safety  requirements  on  bundling 
urea  and  am  ionium  nitrate  and  their  mixtures. 

For  example,  temperatures  in  feed  lines, 
me  Iters  ,  feed  tanks,  etc., were  controlled 
with  steam  to  prevent  overheat  ing  and  tie.  om- 
position.  Raw  materials  with  organic  oils, 
etc.,  were  not  used. 


(5)  The  use  of  steam  as  a  heating  medium  provides  an  addi¬ 
tional  safety  margin  to  the  equipment  design.  Since 
steam  temperature  is  constant  for  any  pressure,  and 
since  the  steam  pressure  can  be  easily  regulated  and 
controlled,  maximum  temperature  limits  (e.g.,  240°C 
decomposition  in  reactor)  can  be  easily  maintained. 

Also,  since  the  use  of  steam  provides  for  high  heat 
transfer  coefficients,  a  minimum  heating  Delta  T  is 
necessary,  which  in  the  case  of  a  pump  failure,  limits 
the  resultant  temperature  increase  of  a  stream  to  a 
few  degrees  and  renders  overheating  improbable. 

(6)  The  equipment  layout  was  planned  so  that  a  12-in.  rein¬ 
forced  wall  separated  the  melt  and  feed  tanks  i.rom  the 
rest  of  Che  equipment.  This  allowed  the  inventory  of 
material  in  this  bay  to  be  accounted  for  separately  as 
Class  2  material . 

(7)  The  Chemical  Propulsion  Division  Standards  were  imple¬ 
mented  in  the  design  and  setup  of  the  pilot  plant.  Among 
the  items  in  the  Hercules  Standards  are  maintenance  pro¬ 
cedures  for  explosive  operations.  The  three  most  per¬ 
tinent  items  in  this  area  are  listed  as  follows  (there 
are  of  course  others  too  numerous  to  mention): 

(a)  Maintenance  personnel  will  not  be  allowed  to  work 
in  an  explosives  process  building  while  the  opera¬ 
tion  is  in  progress. 

(n)  Maintenance  personnel  will  not  be  allowed  to  work 
on  equipment  in  or  near  an  explosives  operation 
until  it.  has  been  fully  decontaminated  and  fully 
checked  by  operating,  safety  and  management  person¬ 
nel  .  On  fulfillment  of  this  procedure,  an  appro¬ 
priate  Label  will  be  provided  for  the  equipment. 

(c)  All  joints  in  an  explosives  process  operation  are 

to  be  designed  to  prevent  accumulation  points  where 
explosive-  i  an  hang  up.  Thi »  suggest  s  flanged  or 
quick  disconnect,  fittings.  Threaded  fittings  can 
be  used  on  selected  operations  provided  the  process 
hazards  are  Well  >'  lined  and  an  appropriate  mainten¬ 
ance  procedure  is  provided  so  that  these  joints  are 
well  cleaned  and  inspected  be  tor  o  reassembly . 

(B)  Safety  ictief  valves  are  designated  in  certain  piocess  line 
purti<  utarly  downst  l  earn  »>l  a  positive  di  splucemeiit  pump. 


c.  Product  and  Process  Classification 


Testing  in  accordance  with  TB-700-2  was  conducted  on 
guenidvne  nitrate.  The  findings  from  these  tests  were  as  follows; 


Test 

Detonation  test, 

(No.  8  Blasting  Cap) 

Ignition  and  unconfined 
burning  test 

Thermal  stability  test 

Card  gap  test 

Impact  sensitivity  test 


Result 

No  deformation  of  pressure 
plate  or  cylinder 

Burning  reaction  only 

No  color  or  visible 
change  in  48  hours  at  75°C 

Failure  at  zero  cards 

No  ignition  at  47.3  inches 
(120  cm) 


These  results  show  that  guianiaim-  nitrate  should  be 
classified  as  a  Class  2  material  for  storage.  Since  guanidine  nitrate*  will 
propagate  if  sufficiently  boostered,  the  government  tentatively  classified 
guanidine  nitrate  (less  than  251  water)  as  Class  7  for  storage  and  as  an 
oxidizing  agent  for  shipping. 


The  process  classification  was  evaluated  in  terms  of  in 
divioua!  units  of  equipment.  Each  equipment  unit  was  evaluated  ip  term:,  of 
its  contents,  temperature »  <:nd  hazards  and  given  u  process  classification. 
It  was  decided  that  the  Class  7  process  units  in  the  operation  were  the  re¬ 
actors,  the  GN  dryer,  the  GN  dryer -  feeder ,  and  the  CK  'entrifuge.  These 
units  were  selected  because  under  their  operating  conditions,  they  contain 
material  capable  of  being  propagated,.  (Reactors  contain  oxygen-balanced 
AN/U/GN  mixes  at  elevated  temperatures;  the  nthei  units  contain,  potential 
guanidine  nitrate  with  less  than  257.  water.)  The  selected  process  building 
(Building  2204)  has  an  explosive  limit  of  750  pounds.  In  thft  units  desig¬ 
nated  as  Class  7,  there  is  a  holdup  of  450  pound  of  material;  i  ,  1.  ft  0 
pound  in  the  rear  or,  20  pound  in  the  dryer,  200  pound  in  the  dryer- feeder , 
end  50  pout d  in  the  GN  centrifuge.  There  was,  therefore,  a  limit  of  >00 
pound  of  dry  GN  storage  for  the  building. 

t,  Picatimiy _ Arsenal  Sensitivity  To  si  l  up 


Pi  ’pagation  testing  was  conducted  hv  Piiatimiv  Arsenal's 
Manufacturing  iechnoky.y  Directorate  (Chemical  Process  Tm  hnologv  Division) 
with  various  pseudo  samples  o!  process  si  reams  oi  earring  hi  t  he  AN  P  pioeess . 
Pi  cut  limy  Arsenal  personnel  will  prepare  and  distribute  an  independent  report 
c  i  sn  p  let  e  with  test  p  tot  r  d  u  I  t  s  ,  result.*!  and  i  ant  Dision::  . 


•  Alternate  Reactor  Consideration: 


One  of  the  objectives  of  the  Phase  II  design  effort 
was  to  select  a  reactor  design  based  on  the  results  of  the  laboratory  stud¬ 
ies,  normal  safety  and  design  considerations,  and  predicted  economics. 


a.  Performance  of  Alternate  Reactor  Types 

During  Fhase  I  of  this  program,  reaction  studies 
were  performed  in  both  a  laboratory,  stirred  batch  reactor  and  a  2- inch- 
diameter  tubular  reactor  with  continuous  flow.  Based  on  reaction  kinetic 
data,  reactor  models  were  constructed  and  used  t.o  predict  the  performance  of 
both  tubular  and  stirred  tank  reactors.  Calculations  showed  that  both  urea 
conversion  and  guanidine  nitrate  yield  (based  on  urea  consumed)  increased  as 
a  function  of  catalyst  charge  for  stirred  tank  reactors.  Calculations  based 
on  1000  gm  catalyst  per  tank  per  mole  per  minute  of  feed  and  190°C  showed 
overall  urea  conversions  increasing  from  Tank  1  to  Tank  3  as  follows:  38.1/!, 
59.3%,  and  71.37..  Respective  GN  yields  were  76.17.,  85.27',  and  93.37.  These 
data  indicate  that  three  stirred  tank  reactors  installed  in  series  are  suf¬ 
ficient  to  obtain  practical  and  realistic  urea  conversions  and  GN  yields. 

Por  a  single  train  of  reactors,  1000  gm  catalyst  per  gm  mole  feed  per  minute 
per  reactor,  and  a  one-hour  residence  time  per  reactor,  the  required  catalyst 
in  each  stirred  vessel  for  50  pound  GN  per  hour  would  be  44  pound  or  11.7 
gallon*,  based  on  a  7.37  gm/in.  bulk  density.  Theoretically,  the  required 
reactor  working  volume  would  be  11.7  gallons  (catalyst  volume);  however,  due 
to  practi  1  limitation  of  design,  it  was  estimated  that  the  total  working 
volume  would  be  increased  by  at  least  a  factor  of  two  (c.g„,  25  vs  11.7 
gallons)  .  This  estimation  was  based  on  a  preliminary  reactor  design  in 
which  the  catalyst  would  be  contained  in  a  basket  which  in  turn  would  be 
suspended  from  a  drive  shaft  for  rotation.  Clearances  between  the  basket 
and  the  reactor  vail  for  baffles  and  liquid  flow  plus  a  central  inside  dia¬ 
meter  for  liquid  flow  would  be  icquired.  Design  of  stirred  tank  reactors 
must  also  cake  into  consideration  an  effective  circulation  system  ( Internal 
and/or  external)  as  well  as  possible  additional  heat  transfer  area  other 
than  the  vessel's  Jacket.  Scale-up  of  this  type  ol  react  or  to  a  5000  pound 
GN  per  hour  production  rate  would  result  in  three  2500-gallon  units.  The 
size  of  stirred  tank  reactor  units  can  be  decreased  by  installing  multi- 
train  systems. 


Experimental  insults  obtained  from  the  2-inch* 
diameter  fix-d-bed  reactor  at  Kcnvil  during  Pints.  I  indicated  that  the 
mathematical  model  did  well  in  predicting  concentration  protiles,  conver¬ 
sions,  and  yields  for  t he  production  of  guanidine  n.trate.  However,  the 
tenpin  iturc  profiles  recorded  at  Konvil  exhibited  .»  target  l  empet  ature  drop 
because  of  the  endothermic  heat  of  reaction  than  was  predicted  i>v  the  model. 

wo  parameters  associated  with  the  heat  balance,  namely,  the  heat  of  re¬ 
action  and  t ho  thermal  conductivity  ot  the  stagnant  bed,  were  altered  to 
hr  in-  the  predicted  and  the  expel  i mental  tempi*  l  iicar  pin:  lies  into  closet 
agreement  . 


The  value  of  the  heat  reaction  had  the  greater  in¬ 
fluence  on  the  temperature  profile.  The  heat  of  reaction  of  28,000  cal/ 
mole  of  GN  reported  by  MacKay  and  used  in  the  mathematical  model  in  its 
original  form  was  erroneous.  The  revised  figure  was  35,000  cal/mole  of  GN. 

The  thermal  conductivity  of  the  stagnant  bed  was  changed  from  7.0J  to  1.5 
cal/min-in,  °K.  This  was  done  based  on  s  re -evaluation  of  the  effect  on 
various  liquids  of  the  flow  conditions  and  thermal  conductivity  data  of  silica. 


With  the  above  changes,  a  simulation  run  was  made 
for  a  2- inch- diameter ,  10- foot- long  reactor  and  with  a  6.6  lb/hr  feed 
rate.  These  conditions  duplicated  those  of  Run  14  for  the  packed  bed  unit 
at  Kenvil.  The  centerline  temperature  for  the  simulation  run  dropped  to  a 
minimum  of  183°C  at  a  distance  of  17  inches  from  the  entrance  to  the  tube. 
This  agrees  well  with  the  experimental  results  from  the  Kenvil  reactor  in 
which  a  minimum  temperature  of  182°C  was  recorded  at  15  inches  from  the  en¬ 
trance  to  the  tube. 


The  modal  was  used  to  simulate  the  behavior  of  the 
4 -inch- diameter  fixed-bed  reactors  proposed  for  the  pi1  >t  plant.  A  number 
of  cases  were  investigated.  A  comparison  of  the  ptrfoimance  of  2-inch- 
and  4-inch-diameter  reactors  is  shown  in  Table  46.  Results  are  for  10- 
foot-  long  tubes  with  the  same  residence  time.  It  can  be  seen  that  the  con¬ 
version  decreases  from  84.67.  to  81.27,  in  going  from  a  2-inch  to  a  4-inch 
tube.  Likewise,  the  yield  is  reduced  from  93.77,  to  89.47.  These  changes 
are  due  to  the  poorer  heat  transfer  in  the  4- inch  reactors.  Tie  minimum 
average  radial  temperac  re  dropped  tc  183°C  at  18  inches  from  the  entrance 
for  the  4-inch  tube,  as  compared  to  186°C  ac  12  inches  for  the  2-inch  tube. 
However,  for  the  same  guanidine  nitrate  production  rate,  approximately  3.6 
times  as  many  2- inch  tubes  as  4- inch  tubes  are  required.  The  increased  cost 
and  equipment  space  required  for  the  2-inch  tut  s  are  not  justified  for  the 
relatively  small  increases  in  conversion  and  yield.  Four-inch  tubes  were, 
therefore,  selected  for  the  pilot  plant. 

An  annulus  tube  i  ictor  which  has  the  same  volume 
as  a  4- inch-diameter  packed  tube  would  have  a  substantially  larger  surface 
area  than  the  straight  4-inch  tubes  and,  therefore,  probably  a  higher  yield 
and  conversion.  However,  the  cost  of  such  a  reactor  (odd  pipe  sizes,  con¬ 
struction,  Jacket  tube  seals,  flow  arrangements)  and  the  resulting  opera¬ 
tion  1  problems  (seal  leakage,  catalyst  rejuvenation)  greatly  outweigh  the 
marginal  yield  increase.  If  lor  ger  tubes  are  selected  for  commercial  re¬ 
actors,  the  yield  difference  as  well  approaches  zero. 

A  reactor  configuration  consisting  o{  r wo  sets  ot 
fixed  bed  reactors,  in  series,  with  venting  «-f  the  pioduet  gases  between 
stages  was  also  examined.  By  delaying  the  addition  of  one-half  of  the  urea 
reactant  to  the  second  set  ot  tubes ,  the  ammonium  nltrut:  urea  r,  tin  is 
maintained  at  a  high  level  in  each  t  be.  This  condition  tavois  the  production 


TABLE  46 

COMPARISON  OF  2-INCH  AND  4-INCH  DIAMETER  REACTOR  TUBES 
USING  CORRECTED  MATHEMATICAL  MODEL 


Tube  Length 

Feed  rate/tube 

#  l) 

Urea  Conversion 

.  .  ...  |j  {2) 

GN  Yield 

Reactor  Product  rate/tube 

GN  in  nroduct 

GN  p^oducted/tube 

Number  of  tubes  required  to 
product  50  lb/hr  of  GN 

Average  Radial  Temperature 


2- Inch  Reactor  4 -  Inch  Reactor 


10  ft 

6 . 6  lb/hr 

84 . 6% 

93.7% 

5.14  lb/hr 

52.0  \  t.% 

2.1  lb/ hr 

24  .  1 

'l8(>°C  at  12" 
from  entrance. 


10  ft 

25  lb/hr 

31.2% 

89.4% 

19.6  lb/hr 

48.1  wt.% 

7 . 2  Ib/hi 

6.95 

183°C  at  i8" 
from  entrance 


(1) 


Based  on  urea  fed. 


(2) 


Based  on  urea  consumed. 


of  guanidine  nitrate  in  high  yields.  Results  of  this  simulation  with  two 
sets  of  10~ foot- long  tubes  in  series  are  shown  in  Table  47.  To  serve  as  a 
comparison,  results  are  also  shown  tor  a  single,  20-foot  tube  with  the  same 
total  amount  of  feed.  It  can  be  seen  that,  although  the  yield  is  increased 
by  about  147,,  the  GN  production  rate  remains  about  the  same  since  the  con¬ 
version  rate  is  reduced  at  the  higher  ammonium  nicrate/urea  ratio.  It  may 
be  recalled  that  the  GN  yield  (based  on  urea)  of  1047,  is  not  unreasonable 
and  was  demonstrated  experimentally  in  Phase  I.  An  added  potential  advan¬ 
tage  to  inter-stage  feeding  is  a  reduction  in  the  formation  of  the  insoluble 
by-product  (ar.jtie)  ide) .  An  apparent  yield  of  >  1007,  is  possible  due  to  the 
calculation  procedure  used  for  this  parameter. 


(GN  yield 


/ICO  X  moles  GN  formed  j  X  2) 
moles  U  consumed 


This  reaction  assumed  that  the  side  reaction  of  urea  hydrolysis  is  instan¬ 
taneous  and  occurs  completely.  If  this  reaction  is  not  included  in  the 
stoichiometry  on  which  the  above  calculation  is  based,  the  yield  is  one- 
half  the  above  results  (527,  for  the  case  in  point).  Since,  at  very  high 
urea  conversion  (low  concentration),  it  is  conceivable  that  the  hydrolysis 
no  longer  is  complete  and  since  small  water  evapoi ation  losses  are  possible, 
at  these  extreme  cases  the  apparent  yield  referred  to  above  can  exceed  1007o. 


An  added  advantage  to  feeding  the  mea  to  both 
stages  of  reactors  is  that  the  number  of  tubes  in  the  second  set  may  be  re¬ 
duced  by  one-third  to  take  advantage  of  rbe  reduction  in  volume  of  the  melt 
upon  reaction.  An  overall  saving  of  67  in  reactor  volume  (and,  therefore, 
catalvst  charge')  is  refllred  for  the'  .same'  GN  production  rate. 

b.  Economies  ol  A  I  tern to _ Reactor  Tv  pees 

it  ighteen  preliminary  cost  analyses  were  performed 
and  reported  in  t  he'  fleas  ■  i  section.  'Ihcse  case  studies  we’re  designed  to 
show  the  effect  oi  process  vai  iahlo.i  ( e* .  g .  ,  ingredient  costs,  ingredient 
feed  ratio,  product  workup,  type  of  reactor!  on  the-  mi  il  cost  of  guanidine 
nitrate.  The  costs  wore  based  on  20-  ,  •«('-  and  80 -mi  I  1  ion  pound  per  year 
plants  with  the  a-  sumpt  tons  -  in  each  ease  -  that  t here  was  only  one  (single 
train)  plant.  in  establishing  pi  ices  tor  equipment,  standard  handbook  value 
were  used .  Examination  o i  the  reported  cost  cuts  tor  a  st irred  tank  reactor 
plan;  ^  j  un'tti  in  aerie,  >  versus  I  i  xed  bed  tubular  reactor  plant  (2400,2- 
i.  r  h  -  d  i  ante  t  e  r  rubi  ,1  :uJ:  at  rd  a  *■  ,**v  /pound  mi  1  1  const  udvuni  age  tor  st  tried 
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TABLE  47 


COMPARISON  OF  SINGLE -POINT  REACTOR  FEED  VS  INTER- STAGE  REACTOR  FEED 


Reactor  Design:  Two  10 “foot  long  tubes 

in  series  (4-inch  diameter) 


One  20-foot  tube 
(4 -inch  diameter) 


Feed  Rate: 


(a)  1st  Tube:  40.26  lb/hr 

mixed  feed  50.0  lb/hr 

(b)  2nd  Tube;  9.75  lb/hr  urea 


Mixed  Feed 

Composition:  AN  -64.6  wt.  % 

U  -  24.2  wt.  % 
GN  -  11.1  wt.  % 


AN  -  52.0  wt.  % 
U  -  39.0  wt.  % 
GN  -  9.0  vt.  % 


d\ 

Urea  Conversion;'  *  70.2 

GN  Yield; (2)  104% 

Reactor  Product  Rate:  41.3 

GN  in  Reactor  Product:  46.0 

GN  production  rate:  14.5 


Based  on  urea  fed. 

'  Based  on  urea  consumed. 


81.7% 

90.0% 

lb/hr 

3  9.1  lb/hr 

wt .  % 

4  8.9  wt .  % 

lb/hr 

14.6  lb/hr 

Hercules  utilizes  the  same  preliminary  cost  analy¬ 
sis  technique  as  used  in  this  program  when  reviewing  new  corporate  products 
and  processes.  Our  experience  has  shown  that  mill  and  capital  investment 
costs  are  within  ^  107.  and  ±  257»,  respectively,  when  compared  to  actual 
final  values.  To  arrive  at  a  more  realistic  equipment  cost,  a  *07.  engineer¬ 
ing  design  would  be  required.  This  level  of  design  is  not  normally  conducted 
this  early  in  a  development  program. 


a  further  analysis  of  plant  capital  investment  was 
made  during  Phase  II.  Specifically,  the  effects  of  multiple  train  plants  cn 
equipment  and  total  capital  investments  were  estimated  for  both  stirred  tank 
and  packed  tubular  reactors.  Comparisons  were  made  only  at  an  80  million 
pound  per  year  rate.  For  tubular  reactors,  both  2-inch  and  4- inch  diameters 
were  considered,  since  the  initial  work  reported  in  Phase  1  was  based  on 
2- inch- diameter  tubes.  Extrapolations  were  based  on  original  estimated 
equipment  costs  and  cost  analysis  cases  100,  101,  102,  301,  501  and  710. 
Equipment  costs,  other  than  the  tubular  reactors,  were  estimated  for  pro¬ 
duction  rates  other  than  40  million  pounds  per  year  by  using  the  Williams 
six- tenths  factor,  viz., 


where  C1/C2  is  the  ratio  of  costs  Cj  and  t'2  for  capacities  or  sizes  Si  and 
S2,  respectively.  Costs  of  tubular  reactors  were  varied  linearly  with 

i.k.y  , 

Nine  new  cases  are  shown  in  Table  48  for  the  fol¬ 
lowing  major  sub-groups: 

(1)  Single  80  million  pounds  per  year 
plant  for  2- inch  and  4- inch-diameter 
tubes  and  stirred  reactors; 

(2)  Three  separate  28  million  pounds  per 
year  plants  for  same  reactors  as  above; 

(3)  One  plant  with  three  trains  with  capa¬ 
city  of  28  mil) ion  pounds  per  year  per 
t.  rain . 


The  data  in  Table  48  (columns  A  and  B)  show  that 
the  tubular  reactors  with  4- inch- diameter  tubes  have  an  advantage  over  re¬ 
actors  with  2- inch- diameter  tubes  with  respect  to  total  plant  investment 
regardless  of  plant  configuration.  Also,  the  economic  advantage  (Table  48, 
column  B)  of  stirred  tank  reactors  ‘{Appears  as  the  operation  is  divided 
into  multiple  production  units.  Wtien  multi-train  plants  are  considered  (« 
design  which  oitrrs  f lexio i 1 i t  y  of  iporatlon  and  lower  loss  probabilities). 
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the  plant  with  stirred  reactors  has  a  higher  capital  cost  than  one  with  tubu¬ 
lar  reactors  with  4-inch-diameter  tubes.  In  addition,  safety  predictions  are 
much  more  reliable  for  tubular  reactors  than  for  stirred  tank  reactors. 


The  tubular  reactor  costs  employed  in  the  original 
work  were  based  on  stands)  tube  and  shell  designs  and  appear  to  be  realis¬ 
tic.  As  noted  previously,  there  appeared  to  be  a  plant  capital  investment 
advantage  for  stirred  tank  reactors.  Since  the  original  stirred  tank  re¬ 
actor  costs  were  based  on  standard  reference  data  for  stirred  tanks,  a 
second  look  or  reevaluaticn  of  the  reactor  costs  was  undertaken.  In  Phase  I, 
stirred  tank  reactors  were  estimated  at  $25,000  each  (2500  gallons  each)  for 
a  40  million  pounds  per  year  plant  (single  train,  3  stirred  tanks  in  series). 
A  new  stirred  tank  reactor  estimate  was  made  based  on  the  following  conditions 

1.  Design  Volume:  2500  gallons 

2.  Vessel:  Closed  top  pressure  vessel  with 

capability  to  support  catalyst 
basket  and  drive  system. 

3.  Jacket:  Capable  of  operating  at  >  300 

psig. 

4.  Catalyst:  Rotating  basket  containing  ap¬ 

proximately  2  tons  of  catalyst. 

5.  Material  of  Construction:  30a  stainless 

steel  vessel, 
carbon  steel 
jac  ket  . 

6.  Drive:  Capable  of  rotating  basket  con¬ 

taining  2  tons  of  catalyst  and  4 
tons  of  reactant  at  50-100  rpm 
against  baffle  arrangements  de¬ 
signed  to  effect  liquid  pumping. 


Based  on  the  purchase  of  similar  reactors  for  a 
Hercules  commercial  operation  (without  rotating  catalyst  basket)  in  19t>8 
and  adjusted  to  1971  basis,  it  was  estimated  that  this  type  of  reactor  would 
cost  about  $60,000  compared  with  the  original  estimate  of  $25,000.  The 
added  cost,  is  due  primarily  to  the  agitation  system,  baffle  design,  high 
pressure  operation  and  weight  support  requirements. 

The  a booe  estimate  assumes  that  the  required  en¬ 
dothermic  heat  ot  r. -action  is  supplied  via  t  be  i ear  t  or  jackets  .  Calcula¬ 
tions  have  shown  thst  tin-  lit  at  t  r.-»ns fo r  surface  area  avai  lable  tor  i  litre 
2500-gal  lou  H-ji-f  jrs  is  about  6.V.1  square  loot  whereas  .ut.ola re  actio  s 
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(600  tubes,  4  inch  x  10  foot  tubes)  for  the  same  GK  production  rate  have  a 
total  heat  transfer  area  of  about  6300  square  feet.  Assuming  that  the  heat 
transfer  coefficient  for  a  stirred  reactor  is  2  to  3  times  that  for  a  tubu¬ 
lar  reactor,  the  stirred  tank  reactor  system  is  still  deficient  by  about 
3000-4000  square  feet  of  heating  surface.  Installation  of  internal  coils 
would  be  difficult.  U3e  of  an  external  heating  system  with  a  1000  square 
foot  heat  exchanger  and  a  high  capacity  circulating  pump  per  reactor  was 
assumed.  The  heat  exchanger  cost  was  estimated  at  $15,000  ($15/square  foot) 
and  pump  estimated  at  $5000.  When  these  units  are  added  to  the  above  basic 
costs,  a  more  realistic  total  reactor  cost  is  obtained  -  $80,000. 


The  plant  investments  for  the  conditions  in  Table 
48  as  noted  above  were  revised  on  the  basis  of  the  new  estimate  of  $80,000 
for  a  2500-gallon  stirred  tank  reactor  (40  million  pounds  per  year  basis). 
The  modified  capital  investments  are  shown  in  column  B  of  Table  48.  These 
data  show  that  the  capital  cost  difference  between  the  two  reactor  systems 
has  decreased  considerably,  particularly  for  multi-train  plant  systems.  If 
the  ^  25%  estimating  accuracy  is  taken  into  consideration,  then  there  is 
essentially  no  difference  in  costs  between  the  two  reactor  systems. 


c .  Predicted  Safety  of  Tubular  and  Stirred  Tank 
Reac  tors 


As  noted  in  the  Hazards  Analysis  Section,  2-inch- 
diameter,  12-foot-tall  packed  tubular  reactors  with  reaction  melt  at  ca. 
200°G  did  not  transit,  to  a  propagation  as  a  result  of  bottom  ignition. 
Therefore,  tubular  reactors  of  this  configuration  were  considered  to  be  in¬ 
trinsically  safe. 


The  reaction  mixer  (AN/U/Silica  Gel)  contained  in 
Schedule  40  pipes  for  transition  tests  were  at  leaction  temperature,  but 
there  was  not  physical  ly  induced  agitation  of  the  material.  Thus,  the 
transition  data  were  not  directly  applicable  to  stirred  tank  reactor  de¬ 
signs.  One  of  the  major  differences  between  stirred  and  static  reactors  is 
that  in  a  stirred  reactor  a  point  source  flame  probably  would  he  dispersed 
readily  throughout  the  reactor.  This  could,  in  eticct,  amplify  transition 
from  flame  ignition  to  propagation.  Another  factor  when  comparing  t  he  two 
types  of  reactors  is  the  potential  sources  of  ignition.  Bet h  systems  have 
common  sources  of  potential  ignit :on  such  as  undetected  teed  impurities, 
adiabatic  gas  compression,  and  gas  cavitation.  Because  ot  its  inherent  de¬ 
sign,  a  stirred  reactor  has  added  not  ent  ial  ignition  somacs;  e.r.,  friction 
from  agitator  seal,  impact,  o*  otating  basket  against  the  reactor  wall, 
thermowells,  and  An  baft  As,  failure  >i  shaft  ret  ent  i  on  r  vst « -ms  ,  and  subse¬ 
quent  dropping  of  catalyst  basket,  mot  ion  ot  foreign  materials  accidentally 
dropped  into  the  reactor. 


Considerable  thought  was  given  to  the  extrapolation 
of  transition  data  for  stirred  tank  reactors.  It  would  be  necessary  to  test 
an  actual  model  of  the  reactor  complete  with  catalyst  basket,  drive  system 
and  heating  capabilities.  Because  of  the  predicted  diameters  of  stirred 
reactors  (approximately  5  to  7-1/2  feet  which  would  cover  single  or  multi¬ 
train  production  plants),  it  would  be  necessary  to  perform  transition  tests 
at  a  3-4  foot  diameter.  The  quantity  of  AN/U/GN  (~  2000  pound)  that  would 
be  contained  in  a  stirred  t  .k  test  vehicle  is  large  enough  to  necessitate 
testing  in  a  remote  area.  The  cost  of  the  power  and  heat  source  lines  alone 
would  itself  represent  a  large  investment.  Since  transition  testing  of 
stirred  tank  reaction  could  not  be  accomplished  in  the  present  program,  and 
since  the  reaction  kinetics  had  been  demonstrated  in  tubular  reactors  and 
tubular  reactors  have  a  great  advantage  in  design  simplicity,  the  decision 
was  made  to  proceed  to  the  pilot  plant  with  packed  tubular  reactors. 
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PHASE  III,  PART  1  -  GUANIDINE  NITRATE  PILOT  PLANT  CONSTRUCTION 
AND  OPERATION 


1 .  Summary 

Phase  III  of  this  contract  consisted  of  the  following  tasks 

(a)  Procure  Pilot  Plant  equipment. 

(b)  Expand  Phase  III  design  into  s pi  ific  piping  and  lay¬ 
out  sketches. 

(c)  Construct  Pilot  Plant. 

(d)  Operate  Pilot  Plant  fc  : 

(1)  Start-up 

(2)  Process  variable  studies 

(3)  Process  upset  run 

(4)  Production  run 

(e)  Perform  parallel  laboratory  studies  to  demons! rate 
satisfactory  guanidine  nitrate  conversion  to  nitre- 
guanidine  . 

t  t )  determine  specifications  for  guanidine  nitrate  product. 


The  above  even  tasks  we  i  e  to  be  completed  in  an  1  I  -month  t  me  1  :  unu. 
leant  that  the  execution  ol  t  hr  I  i  r  s  t  three  task.-  mast  hr  v.  1  i-oord  i 
six  month  )  in  oi  di  i  to  compute  the  remaining  tasks  m  t  li  desired 
-  rame 


Five  of  tiie  above  t  rsk.:  wore  completed  as  progt  arm  d  within 
Phase  111.  t  ime  period.  The  pilot  plant  cj><’rat  ion  task  was  oot  e omp  1 » 

because  of  i  iiCiu  al  prt-cess  >i  -ve  1  opm*  nt  pro-b  lenc-. .  The  par. a  i  1  e  1  labor 

e  Olivers  Ion  step  was  not  compete.!  sii  a-,  i  t  was  to  para  1  lei  tin-  latter 

ot  the  operation  task.  A  similar  step,  however,  was  eomple  ted  at  f.’va 
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The  Process  Variable  Study  and  Process  Upset  Runs  we’-e  envisioned 
to  be  perturbations  of  variables  from  a  smoo-  steady  state  operation.  Be¬ 
cause  of  the  time  limitations  imposed  by  the  longer  start-up  and  the  cata¬ 
lyst  failures,  these  studies  were  completed  on  a  more  random  basis  during 
periods  of  equipment  failures  or  during  production  attempts.  The  data 
available  from  the  five-month  operation  period  covered  a  host  of  operating 
parameters  across  all  of  the  equipment  in  the  pilot  plant  except  the  guani¬ 
dine  nitrate  dryer.  Separate  runs  were  made  later  in  alternate  dryer  units 
to  provide  design  data  for  this  unit  operation. 


The  production  step  in  the  operation  task  was  not  completed  because 
of  catalyst  problems.  Only  about  2,000  pounds  of  guanidine  nitrate  were 
made  in  the  pilot  plant  operation.  This  material  had  a  nominal  purity  of 
96+7.  ON.  The  program  objective  was  to  make  40,500  pounds  of  material  for 
conversion  to  nitroguanidi te  at  Cyanamid  cf  Canada  facilities.  Two  produc¬ 
tion  attempts  were  made,  but  in  both  cases,  a  decrease  in  reactor  produc¬ 
tivity  occurred.  The  contributors  to  this  productivity  decline  were  catalyst 
attrition  (leading  to  loss  of  flow)  and  catalyst:  chemical  poisoning. 


To  ascertain  what  was  poisoning  the  catalyst,  the  emphasis  of  the 
pilot  plant  operation  was  changed  from  production  to  a  set  of  carefully 
controlled  research  experiments  on  catalyst  life.  The  program  suggested 
for  the  pilot  plant  io  best  aid  in  defining  the  source  of  the  catalyst  activ¬ 
ity  'oss  was  to  conduct,  under  carefully  controlled  conditions ,  a  series  of 
single-tube  continuous  runs  at  mild  reaction  conditions  ( 180°C,  2/1  AN /l! 
molat  ratio)  so  that  the  formation  or'  am:ne  1  i  de  by-product  would  be  minimized 
aid  the  catalyst  would  net.  be  shocked  initially.  Three  runs,  made  to  examine 
three  iiferent  types  cf  silica  gel- type  catalyst,  were  detune.1  necessary. 

Single  tube  runs  were  selected  fo  eliminate  flow  distribution  problem  between 
react  ms  and  to  minimize  batch  step.,  therw-  al. owing  operators  to  concentrate 
on  the  inaction  step,  'three  catalysts  were  seie-ted  lor  investigation  (Houdry 
CP-  5  3  2  M-.  TOptm  us  Si  lira  beads,  M.'  *  i  Si.rbeads  R,  *r  d  Davidson  Grace  59  Silica 
Ge  l  )  .  Th.ee  i  ng  I  e- t  ulu  ions  wen-  .nit  it, ted  and  completed  successful  Iv  .  In 
1.11  tin  ee  'u.i-s,  the  cats  v.‘  :  ae  i  v  i  :  \  de*  i  ear*  !,  e  -n  I  irming  that  there  was 
a  cat  a J.y s:  ..vissiun.;  p rubier.  A  |  »gt am  extension  was  recommended  to  ex¬ 
plore  thi  ;  probie  ,  it  i  as  1  >  te'.i.  end  >  t  iu-  sub  ject  ol  the  next,  section 

{  'las.  i.  I  I’.t  .  .1 ,  Ret  *  at  f  Catalyst.  :\>i.  soiling  1'rohlem)  . 


Aills  '!i  tl  pilot  a  i .  I  operal  ioi.  was  not  completed  as  proposed, 
it*  a  j  ■  r  \  i  toss  made  in  t  a<-  ;ove  iopment  oi  the  I'.,  AN  process  for  .nancit.ic 

;-n  ,  i  v  i>  i  d  •'  nt  •  .  t  rate  A'  u-  •  u  *"»mpl  i  sbmen*  s  were  tin-  lo  I  lowing. 

(  i  1  1  1 1 /AN  o  eees  d.'.'s  indi  cd  .,;t  ice  lIN  oi  a  high  pur  itv. 
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*  ardl  i  j  cry  -  I  a!  !  CmI  .an  ,  i  cut  i  i  t  uga  ‘  i .  si  and  dry 
u  s  vet  y  r-l  '  icient.  in  that  it  *  1  causes  i  lie  produc  t. 


of  its  operational  history;  that  is,  the  operation 
of  the  p]  nt  reactors  does  not  significantly  affect 
the  end  product  because  the  workup  system  controls 
the  ultimate  product  purity, 

(c  Once  the  plant  is  operating,  operation  continues 
smoothly . 

.d)  Thermal  cycling  of  the  catalyst  bed  along  with  im¬ 
proper  draining  and/or  semi continuous  flow  through 
the  bed  are  undesirable  and  will  lead  to  catalyst  at¬ 
trition  and  ultimately  will  force  a  shutdown  because 
of  less  of  fl  iw  through  the  tubes. 

(e)  The  catalyst  beds,  if  allowed  to  break  down  as  noted 
aoove ,  become  very  hard  to  drain  and,  on  cooling, 
become  a  solid  mass  which  cannot  bo  easily  dumped. 

It  was  found  that  tubes  in  this  condition  can,  how¬ 
ever,  be  c leaned  by  use  of  a  high-pressure  water  jet. 

(f)  All  of  the  process  equipment  selected  for  the  pilot 
plant,  except  for  the  reactors  and  dryer ,  operated 

as  designed.  The  non- performance  of  the  react  or s  was 
due  to  failure  of  the  .atalyst.  The  operation  of  the 
dryer  was  not  opt  Mr. iced  because  of  limited  guanidine 
n  i.  t  rate  produe t ion . 

(g)  Fifty  pounds  of  typical  h  /AN  process,  guanidine  nitrate 
of  high  quality  was  shipped  to  Cvanamid  ef  Canada 
where  it  was  subsequently  converted  m  the  laboratory 
to  ni  t  roguan  tdi  ne  ( N  U  comparable  t  •  >  noimal  pi  o  due  t  ion 
NQ. 


2 .  Procurement  and  Detailed  Equipment  Design 


The  sequence  of  events  in  Phase  III  was  extremely  important  because 
of  the  tight  target  time  schedule.  There  were  a  number  of  activities  required 
prior  to  equipment  ordering,  and  planning  was  necessary  to  compensate  for  vari¬ 
able  delivery  times.  Table  49  shows  the  sequence  of  activities  for  both  the 
major  and  the  auxiliary  equipment.  The  major  equipment  had  to  be  phased  into 
the  ordering  program  first  because  of  the  necessary  government  approvals  and  also 
because  most  of  these  items  were  long  delivery  items  (6  to  12  weeks) .  The  minor 
equipment  design  and  specifications  were  scheduled  to  fill  in  the  time  slots 
available  in  the  major  equipment  delivery  periods.  These  items  (e.g.,  piping 
and  fittings,  rotameters,  etc.)  were  generally  stock  delivery  items  and, 
being  low  cost  items,  required  only  a  general  approval  to  purchase.  The  major 
equipment  items  each  required  specific  approvals.  The  Defense  Industrial 
Equipment  Center  •  JIPEC)  search  and  DCAS  approvals  in  Table  49  refer  to  con¬ 
tract  requirements.  The  former  requirement  is  that  any  major  equipment  item 
with  a  value  3  $1000  must  be  screened  through  the  D1PE0  to  ensure  that  a  com¬ 
parable  unit  is  not  available  in  government  used-equipment  storage.  This 
search  generally  required  a  lead  time  of  4  to  6  weeks.  The  purpose  of  the 
latter  requirement  (DCAS  Approval)  prior  to  purchase  was  to  demonstrate  to 
the  administrative  contracting  officer  (ACO)  that  the  purchased  items  were 
compatible  with  the  contract  and  to  demonstrate  that  standard  pui'chasiag 
practices  (e.g.  multiple  quotes)  were  employed. 

One  event  that  occurred  parallel  to  the  major  equipment  quotations 
is  not  noted  in  Table  49.  This  activity  was  a  search  through  the  Hercules 
Incorporated  Investment  Recovery  and  the  Kenvll  Plant  equipment  files  for 
available  surplus  equipment.  Octal1 ~  of  some  of  the  activities  referred  to 
in  Table  49  follow: 


a.  Equipment  dor  lug ,  Drawing  Approval,  and  Deliveries 

All  of  the  major  equipment  items,  exclusive  of  (be  reactors, 
were  placed  on  order  within  the  first  month  of  Phase  Ill .  Since  much  of  •  lie 
equipment  was  custom  designed  and  h-d  to  be  Inspected  tor  <.o!«!j,il  *  nice  oith 
Hercules’  standards,  engineering  drawings  were  requested  for  Hercules  ap¬ 
proval  prior  to  raoricattun,  The  following  equipment  iteni3  were  subjected 
to  the  drawing  approval  step: 
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I  -  SEQUENCE  Ot  PILOT  PLANT  EQUIPMENT 
REMEWT  AND  INSTALLATION  ACTIVITIES 


Soma  of  the  more  pertinent  design  changes  and/or  comments,  re¬ 
lative  to  a  typical  piece  of  equipment,  are  outlined  below. 


The  22-in,  Mark  III  Centrifugal  is  a  batch,  centrifuge  driven 
with  a  hydraulic  motor.  The  cake  plow  (operable  only  at  low  speed)  is  also 
operated  hydraulically.  In  the  latter  case,  the  plow  has  a  positive  stop 
that  prevents  contact  of  the  plow  with  the  screen  and/or  basket.  Vibration 
of  the  basket  (as  a  result  of  uneven  loading)  is  transmitted  to  the  curb 
(housing)  which  in  turn  transmits  any  motion  to  an  external  link  suspension 
system.  The  aunulu'  between  the  basxe'  bottom  discharge  and  the  filtrate 
curb  baffle  is  approximately  1-1/2-in.  vide.  The  vendor  representative  as¬ 
sured  us  that  the  link  suspension  system  would  limit  lateral  movement  of  the 
basket  to  abov  „ . 010-in. , thus  eliminating  the  need  for  plastic  bumpers,  etc 


As  a  result  of  the  drawing  review,  th*.  following  changes  and/ 
or  additions  were  imposed: 

(1)  Addition  of  curb  inspection  door. 

(2)  Installation  01  Inter  locking  device  to  prevent,  ac¬ 
cess  to  the  centrifuge  inteiiul  while  in  motion. 

(3)  Positive  locking  o:  .ill  internal  bolt  *nd  nits. 

(4)  Substitution  of  stainless  si ee i  wit  h  let lon-lil led 
ash*  sins  ioi  imbrication  oi  the  nil  soil  backup 
plat e . 

(S  )  Supp  .  \  cent  lit  age  with  installed  cloth. 

Hi  esc  ctid  .ges  wet  .  relieved  .  eessar'-  artei  reviews  with  be1. aval 
engineers  and  with  Hercules’  raiet  '  an*.*  ei.g  i*.«.er  ir.g  personnel .  Mod’fleb  eer- 

*.  r  il  uge  drawings  ..ere  received  t  amt  h  alter  these  changes  were  imposed.  The 
modified  changes  reflected  the  i  eq  *til  ed  *.i*.*:u:*  -  ..***>i  *.<  s  l »  gut  co  *  itr.na*  <  . 

A  sj'ul.ar  exerci;,  ,  as  not  ed  in  tin-  .  ent  r  i  t  »;<:  d  i  sen  .isimi  in 
the  preceding  •  ■  ar  ag  r  a;  h  ,  was  comim.  t  ed  r  *>r  - .  1  !  :e  equip-  .-nt  with  approva  i 
drawings.  Det  i  1 1>  .  t  change  ..n  these  other  tt.e'  *s  an.  d-u  >  -u-nt  ea  iikwi  I.  !  . 
ret' or t  s . 


AS  aught  be  -lI  *.;*!  with  the  v  .  *'l  *  ■  e.  *  l  potent  -  *1 -.1  el' ed  ,  .ship¬ 
ment  date  pr  able  on  tleve  1  uptd  S  or  a  t  -*w  i  t  e:u .  :.  ,  ,  ’  fie  If  i  i  .  S-Mcbanna  turee- 

he  aded  b .  end  r-  ...,i ,  t  b.e  evaporator  ,  d  threi  1  the  t  on  Id  s  pumps.  In  an 
alt  empt  t  *  .  *-,s*  *  v  e  the  deliver'  p  r  *  d  i  e  a  s  ,  *  at**  .  * ' .  ea  a  e  w  *  I  h  *  he  a  p  p  i  *  - 
pr  iat  e  IKIaSU  i  mh.st  rial  -pe*  1. lit, st  ami  liet  i  >-*.  ’  d  i  put  it  t  but  *  ruling  bepnrt- 

sent  per  *onne  .  The  resn  1*  was  a  l  eu-act  i  *  .*  f  1.*  ■•.**.*  t  .  . .  in-  ..«■*  *■ 
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b .  Additional  Equipment  Design 


1  Selection  of  Alter nai  e  bvstom  Pump s 

Hazards  analysis  showed  that  some  of  the  initially  specified 
process  pumps  presented  problem  areas  in  terms  of  possible  initiation  sources. 
The  rotating  seal  face  at  a  pump  speed  of  3600  rpm  generates  sufficient  fric¬ 
tional  energy  to  create  a  condition  of  a  zero  safety  margin.  The  hazards 
analysis  recommended  a  reduction  of  the  pump  speed  to  <  2800  rpm  to  achieve 
an  adequate  safety  margin. 


The  pumps  previously  specified  were  small  Eco  1  v  3/4  stain™ 
less  steel  end  suction  centrifugal  pumps  with  a  3-3/4-i.n.  fully  open  impeller 
and  mechanical  seals.  These  pumps  are  rated  at  10  gallons  per  minute  at  a 
net  output  head  of  oO  feet.  In  this  line  of  pumps,  the  motor  speeds  offered 
are  1750  and  3450  rpm.  The  use  of  the  lower  speed  results  in  an  adequate 
sar“ty  margin  in  terms  of  hazards  ,but  the  resultant  pump  head  drops  to  less 
than  30  feet.  Since  the  head  requirements  for  the  reactor  and  evaporator  iced 
pumps  are  very  close  to  this  value,  utilization  of  the  Eco  1.  in.  x  3/4  in.  x 
2  3/4  in.  pump  at.  1750  rpm  for  these  uses  would  offer  no  design  capacity  fac¬ 
tor.  Therefore,  the  pump  specifications  were  changed.  The  new  specifica¬ 
tions  are  discussed  below: 


a  Keactor  Feed  hump  -  (P-102 ) 

A  f'otilds  3 190,  1  x  1-1/2  end  suction  AVS  pump  with  an  -S- 
in.  impeller  and  with  a  jacketed  stuffing  box  was  selected  lor  feeding  the 
reactors.  It  is  nominal  ly  rat  ed  at  20-  30  gpm  wit  h  m  out  put  head  of  t>0 
teet.  The  design  of  the  casing  was  such  that  i  r  can  i><*  easily  traced.  fills 

pump  is  an  industrial  tvpe  that  is  suit  able  for  long  T  o>  ns  service. 

Because  of  the  location  of  this  pump  in  f  he  i  ,  it  is  necessarv  that  an 
extreme  l'.-  reliable  and  flexible  pump  he  selected.  Speed  oi  this  pump  is 
1750  rpm. 

_L  K  v  ago  into  r  1 ' c  c*d  I ' j i  up  -  ( 1'-  i  O'* ) 

The  snli.it  in;  t  o  >•  •  t  .10*1  ••rr>  d  !  .  .his  pump  is  a  •■!>'  voter 
solution  containing  dissolve.!  uiea.  jDtwiiu.:;i  ..If-  o'  e  and  (  a*  .nab  lent  temp¬ 
eratures.  Tito  hazards  analysis  trie?  ion  data  whir!,  were  applied  t  this  pump 
in  determining  its  sal  el  >  margin  were  the  same  data  tor  a  ;.  --water  condition 
at  .e  elevated  temper  at  ire.  It  va-  .  on.  I. .d-d  1  hot  tin  «  t  •  ..17.it;  !  o;  in. 

•  i  It  <1  W,(  :  Vt.1  r  V  l  Oliso  rvil  I  « :  >*>«'<  -ItlM'  >!t  ;  !'t‘  i  l  i  ’  v  M  !  L  1  1 •  1  ( 1  ;  1  i  k- 

pump  and  its  relatively  ml  Id  sm  vice  requirement  a,  a  5  •> ;  >1 5  1  a.'- -  jn.nn>  v  mid  he 

employed.  The  necessarv  n.u‘-uf>  irut  i  o  ..1!  „a:  ,,  ;  >j  t  hi  r  ■  t  e.i  <1  at  1 .  ..  ex  - 

pec  t  ed  i -.  iijpi  r  at  ure  and  compos it  son  were  obtained.  to  emit  i  1 : «  that  u.  adequate 
saint'-  ".  1  Tp,  la  docs  ex  1  s  .  .  1  .-n  id  s  !  i  "■  pump  w.i-  .,  1  n  Miivtii!  'or  'to  ■ 

app  i  tv'. it  1 .  >u . 
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c  Melt  Transfer  Pump  (P-100);  Aqueous  Quench  Transfer  Pump 
(P-104);  Crystallizer  Feed  Pump  (P-106);  Centrifuge  Fil - 
trat:e  Transfer  Pump  (P-108) 

Goulds  pumps,  similar  to  those  above  but  at  a  slower 
speed  (1750  rpm)  and  with  conventional  Teflon  packing  were  selected  for  these 
applications.  These  pumps  are  more  rugged  than  the  previously  selected  ECO 
pumps  ai  *  are  also  compatible  with  the  reactor  feed  and  evaporator- feed 
pumps. 


2  Vacuum  System 

The  guanidine  nitrate  crystallization  system  depicted  in  an 
initial  pilot  plant  process  flow  sheet  incorporated  a  water  eductor  system 
for  vacuum.  This  system  required  a  continuous  flow  (350  gpm)  of  water 
through  an  eductor  coupled  with  a  cooling  system  (water  chiller  and  heat  ex¬ 
changer)  to  reach  the  desired  jet  temperature  (35°F)  which  at  the  above  flow 
would  result  in  the  necessary  vacuum  in  the  crystallizer.  A  storage  tank 
was  also  required  for  the  eductor  water.  The  total  vacuum  system  was  expen¬ 
sive  and  made  an  in-process  water  balance  difficult. 


Two  Stokes  40-cfm  Microvac  Mechanical  vacuum  pumps  (Model 
148-H)  were  substituted  f >r  the  eductor  system.  These  pumps,  complete  with 
traps  and  piping,  were  available  on  the  plant  site,  and  permission  was 
granted  for  their  use.  Use  of  high-capacity  vacuum  pumps  simplifies  measure¬ 
ment  of  condensed  water  from  the  crystallizer;  using  tiic  existing  equipment 
resulted  in  a  net  savings  of  about  $7890. 


A  Hot  Water 

Hot  water  is  required  to  control  tin;  temperatures  in  both 
the  aqueous  quench  and  crystallizer  feed  tanks.  It  had  originally  been  plan¬ 
ned  to  use  steam-water  mixers,  but  it  was  believed  that  they  would  have  re¬ 
quired  too  much  operator  attention.  A  tempered  water  system  (59  gallon  drum, 
temperature  controller,  circulating  pump ,  etc. )  was  substituted  for  the  in¬ 
dividual  mixer*3. 


4  Reactor  Feed 


Tile  init  i  ll  reactor  !eed  system  included  a  level  control  unit 
as  a  surge  tank  i  or  recircul.it  ion  oi  fed  from  the  densitometer.  It  was  tie- 

clued  that  it  won  I  <1  not  be  a  good  policy  to  ope:  a  e  the  1  eed  pump  (part  icularly 

a  Gould  loot)  rpm  pump)  without  a  recirculating  loop.  arnce  the  pieviouslo, 
si  lecteJ  l.C-2  unit  (.1  I  1  slu-I  i.e-Ve  !  t  r  o  1  )  l;  id  a  tree  volume  of  only  one-half 

gallon,  it  was  elected  to  replace  it  with  a  1 5-20  ga 1 )  .m  jacketed  tank  equipped 

with  a  separate  il.at  1  e-  'c  1  controller.  Ike  new  tank  designation  was  l’-ll  i 
with  a  i  o  ne  spoon  i  ng  Level  controller  designation  oi  l.G-  113. 
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5_  Inter-Stage  Feed 

Hie  pilot  plant  had  been  designated  for  flexibility.  One  op¬ 
tion  was  to  operate  the  two  sets  of  reactors  (four  reactors  per  set)  in  se¬ 
ries  with  inter-stage  feeding  of  fresh  urea.  The  original  inter-stage  feed 
design  was  based  on  a  Fisher  Leveltrol  unit  coupled  with  a  centrifugal  pump. 
Sine'*  centrifugal  pumps  were  presenting  a  prollem  with  respect  to  Hazards 
Analysis,  the’  system  was  redesigned  to  utilize  a  low-velocity  Hi lls-McCanna 
positive  displacement  pump  (new  designation  -  P-114).  The  Fisher  Leveltrol 
unit  (LC-3)  was  replaced  with  a  15-gallon  jacketed  tank  (1-114),  and  a  level 
indicator  (LI-114).  Urea  would  be  pumped  directly  to  T-tl4  and  mixed  with 
the  reactor  product. 


c •  Utilization  of  Used  Equipment 

As  noted  above,  the  major  equipment  items  costing  more  than  $1000 
were  screened  through  the  government's  DIPEC  system  prior  to  purchase  approval . 
These  searches  resulted  in  two  equipment  offers:  a  substitute  solid-bowl  cen¬ 
trifuge  and  a  substitute  Strong-Scott  Solidaire  dryer.  The  former  item  was 
rejected  because  it  was  too  small  in  capacity  (1/10  that  desired)  and  the 
latter  item  was  rejected  because  it  was  oversized  (6  to  8  times  the  desired 
capacity).  Use  or  the  oversized  dryer  would  have  created  floor  space  prob¬ 
lems,  and  it  would  have  resulted  in  a  higher  Class  7  material  holdup. 

The  files  of  the  Hercules  Corporate  Investment  kecovery  Croup 
we re  examined  for  potential  excess  equipment  that  could  be  used  in  the  pilot 
plant.  No  suitable  items  were  found. 


Circular  chart  recorders  ; or  reduced  pressure  and  temperature 
applications  plus  a  24-point  temperature  recorder  were  obtained  from  the 
Hercules/Kenvtl ,  New  Jersey,  excess  property  inventory,  as  well  as  the  vacuum 
pumps  and  hot  water  system  discussed  above. 


3.  Construction 
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Figures  IT-1  through  1 1  —  J 1  In  Appendix  II  show  photographs  of  the 
equipment  and  the  buildings  during  the  construction  phase. 


a.  Utilities  Preparation 
1  Electric  Substation 


Since  the  power  requirements  for  the  guanidine  nitrate  pilot 
plant  exceeded  the  available  electrical  service  to  the  Building  2204  area,  a 
300  KVA  electric  substation  (34,000/400  volt  system)  was  designed  and  installed 
at  the  site.  The  services  of  the  corporated  Engineering  Department  were 
used  for  the  design  and  preparation  of  material  lists.  In  addition  to  the 
substation,  electric  layouts  and  equipment  requirements  for  the  utilities 
(vacuum,  steam  boilers,  chiller,  etc.)  and  the  process  equipment  were  de¬ 
termined.  The  substation  site  was  subsequently  defined,  the  area  was  graded, 
footings  and  electrical  ground  system  were  installed,  and  a  confinement  fence 
was  built.  A  subcontract  was  granted  for  the  electrical  installation  of  the 
substation.  The  installation  of  the  substation  and  its  low  voltage  switch- 
gear  was  completed  in  the  desired  time  frame.  (See  Figure  II-l.) 


2  Utility  House 

Permission  was  obtained  from  plant  management  personnel  to 
utilize  an  existing  20  ft  x  20  ft  x  8  ft  eave  height  metal  building  to 
house  utilities.  The  building  (No.  2260)  was  relocated  to  the  Building  2204 
area.  The  location  of  the  utility  shed  was  positioned  so  that  the  quantity- 
distance  requirements  of  an  existing  propellant  manufacturing  facility  were 
not  affected. 


The  sequence  of  events  in  preparing  this  building  for  use  was 
as  follows:  installation  of  underground  water  and  electrical  lines,  pouring 
of  a  concrete  pad,  movement  of  the  metal  building  to  the  site  and  its  con¬ 
struction,  installation  of  lights  and  heat,  equipment  placement,  and  equip¬ 
ment  installation. 


All  of  these  events  were  completed  In  the  desired  lime  frame. 
(The  utility  shed  is  shown  in  Figure  II-l  directly  behind  the  electrical  sub- 
stat ion) . 


3  Off-Gas  Collection 


Ammonia  and  carbon  oloxid.e  gases  from  the  reactors  are  passed 
through  a  water  scrubber.  Ammonia  is  absorbed  In  the  water,  and  carbon  di¬ 
oxide  (metered)  is  vented  to  the  atmosphere  above  the  building.  The  ammonia 
water  (ca.  15-20/',  by  weight  NH3)  is  stored  and  periodically  disposed  of  by 
ground  spraying.  Permission  was  granted  by  plant  management  to  utilize  an 
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existing  excess  20,000-gallon  tank  for  storage  of  the  ammonia  water.  The 
tank  was  located  outside  of  the  barricade  and  was  installed  for  temporary 
service.  This  method  of  disposal  is  in  accordance  with  ecology  practices 


This  20,000-gallon  storage  tank  was  moved  to  its  selected 
location,  and  its  piping  was  completed  early  in  Phase  III.  (This  tank  is 
shown  in  Figure  1 1  —  1  on  extreme  right  of  photograph.) 


4  Waste  Water  Collections 

In-process  chemical  spills,  samples,  excess  chemicals,  etc., 
are  normally  disposed  of  by  burning  at  the  plant's  burning  ground.  There 
are,  on  occasion,  spills  which  inadvertently  end  up  in  the  floor  drain.  It 
is  also  necessary  to  water-wash  equipment  and  floors.  In  such  instances, 
chemicals  are  collected  for  eventual  disposal.  A  waste  collection  system 
has  been  designed  to  conform  to  DOI)  4145.26M  requirements.  A  standard  con¬ 
crete  septic  tank  was  selected  for  the  collection  of  all  process  building 
waste  waters.  It  is  located  outside  of  the  barricade  and  connected  to  the 
process  building  floor  drain.  Its  overflow  free  drains  to  a  large  open  field. 
Since  all  the  expected  waste  waters  are  soluble  nitrates,  this  disposal  method 
satisfies  pollution  and  ecology  standards. 


b  Air,  Water,  and  Auxiliary  Steam  Systems 

Air  is  supplied  to  the  pilot  plant  irom  tne  Kenvil  plant's 
air  supply.  An  air  distribution  system  was  set  up  in  t  lie  process  building  to 
feed  the  process  instruments  and  to  blow  out  the  lines.  A  large  air  reser¬ 
voir  tank  was  also  installed  outside  of  the  building  as  a  backup  air  supply. 
Water  for  the  process  Is  obtained  from  the  Kenvil  well  system.  Water  mani¬ 
folds  were  installed  in  each  room  of  building  2204  to  supply  water  to  the 
quench,  off-gas,  and  wash  systems. 

An  auxiliary  steam  system  was  installed  in  the  process  build¬ 
ing  to  supply  heat  to  the  low  temperature  operations  (me  Iters,  dryer,  trac¬ 
ings,  tempered  water,  etc.)  end  for  building  heat.  The  auxiliary  steam  was 
also  used  to  hack  up  the  pilot  plant  reactor  hollers  (to  prevent  reactors 
freezeup  if  these  boilers  fail)  and  to  serve  as  the  source  ot  steam  for  line 
blowouts.  Fifty  psig  steam  was  regulated  to  the  building. 

il  Vacuum  Sy  st  ein 

As  noted  in  a  previous  section,  vacuum  lot  the  crystallizer 
was  supplied  by  a  pair  of  mechanical  vacuum  pumps.  These  were  installed  in 
the  utility  shed,  early  in  Phase  III, 


7  Brine  System 


Brine  for  the  crystallizer  overhead  condenser  (E-lll)  Is  sup¬ 
plied  by  -e  Edvards  Eng.  CC1CA  water  chiller.  This  unit  was  installed  in  the 
utility  shed  early  in  Phase  III.  Lines  were  installed  from  this  unit  to  the 
process  building  through  the  barricade.  The  condenser  to  which  this  brine 
is  fed  was  located  in  the  main  room  of  the  process  building. 


JS  Pilot  Plant  Steam  Boiiers 

The  main  electrical  load  and  utility  required  by  the  pilot 
plant  was  for  the  steam  boilers.  These  units  were  received  and  installed  in 
the  utility  shed  in  the  latter  part  of  the  construction  time  period.  Feed- 
water  for  the  boilers  was  drawn  from  the  well  system.  Steam  lines  had  to  be 
constructed  to  extend  the  distance  of  150  ft  between  the  utility  shed  and 
the  rear  of  Building  22.04  (where  the  regulators  were  located).  These  lines 
had  to  be  also  supported  and  covered  with  lagging.  (Figure  II-2  in  the  Appen¬ 
dix  shows  a  photograph  of  the  installed  boilers  in  the  utility  shed.) 


b.  Building  Modifications 

The  building  selected  for  the  pilot  plant  was  deficient  In  floor- 
space  for  the  conceived  process  equipment.  An  equipment  layout  was  conducted 
during  Phase  II  to  define  the  extent  of  the  required  building  expansion  that 
was  needed.  (Figure  53  shows  this  layout.)  As  a  result  of  the  layout  and  the 
actuil  equipment  space  requirements,  Building  2204  was  remodified  in  the  fol¬ 
lowing  ways: 

(1)  The  front  wall  of  the  building  was  moved  out  about 
8  ft  to  the  edge  of  the  existing  porch,  and  en¬ 
closed.  This  resulted  in  approximately  a  30%  in¬ 
crease  in  floor  space  for  process  equipment  and 
electric  switch  gear. 

(2)  The  process  building  was  also  modified  by  an  addi¬ 
tion  oi  a  roof  cupola  over  the  crystallizer. 

Tills  provided  sufficient  room  below  this  unit,  to 
allow  removal  of  the  bottom-entering  agitator. 

(3)  An  instrument  panel  was  installed  in  the  front 
wall  of  the  process  building  and  an  instrument  shed 
(4  ft  s  4  ft  x  8  It  high)  added  to  the  exterior 
front  of  the  building  to  provide  rear  access  to  the 
instruments  for  maintenance. 

(4)  The  building  ventilation  system,  safety  sprinkler 
systems,  and  lighting  systems  also  had  to  he  modi¬ 
fied  to  provide  these  services  to  the  expanded 
portions  of  the  building. 
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c .  Safety  Requirements 

The  pilot  plant  equipment  arid  auxiliaries  were  designed  in  ac¬ 
cordance  with  the  following  standards: 

(a)  Government  Pre-Award  Safety  Audit 

(b)  POD  Contractors  Safety  Manual  (DO!)  4145-26M) 

(c)  Hercules  Safety  and  Engineering  Standards 


The  Pre-Award  Safety  Audit  required  three  modifications  in  the 
proposed  process  building.  One  of  the  modifications  requested  was  to  in¬ 
crease  the  floor  space  of  the  process  building.  As  noted  in  the  previous 
section,  an  equipment  layout  was  performed  to  determine  the  extent  of  this 
modification.  The  resultant  building  expansion  was  then  implemented.  The 
other  two  deficiencies  pointed  out  dealt  with  the  absence  of  an  approved 
lightning  protection  system  and  the  presence  of  overhead  electrical  lines 
within  50  ft  of  the  process  building.  In  Phase  II,  both  of  these  di- 
ciencies  were  corrected.  A  single  pole  lightning  protection  system  was  in¬ 
stalled  in  compliance  with  section  8. 12  of  AMCR  385-100.  The  overhead  elec¬ 
trical  lines  were  removed  and  replaced  with  underground  service  from  the  new 
substat ion. 


The  DOD  Contractors  Safety  Manual  was  reviewed,  and  the  facili¬ 
ties  were  designed  to  conform  with  this  document.  The  Important  requirements 
of  this  manual  deal  with  the  quantity-distance  requirements  and  waste  dis¬ 
posal  provisions.  To  satisfy  the  former,  it  was  necessary  to  construct  a  bar¬ 
ricade  between  the  utility  house  (Building  2260)  and  th,j  process  building 
(2204).  To  satisfy  the  latter,  a  waste  water  pump  tank  and  an  ammonia-water 
tank  were  installed  as  noted  in  a  prior  section. 


d .  Equipment  Stands  and  Piping  Sketches 

Detailed  equipment  placement  and  process  piping  drawings  were 
prepared.  Isometric  drawings  were  constructed  from  the  building  layout  (Fig¬ 
ure  53)  and  from  the  equipment  engineering  drawings.  These  additional  piping 
drawings  helped  itemize  and  expedite  the  equipment/piping  procurement  and 
installation.  It  should  be  noted  that  these  layout -piping  sketches  were  for 
in-house  use  only  and  are  not  included  in  this  report. 


A  number  of  the  equipment  items  required  stands  and  platforms 
.  i>  '.r  l  1..  rhe  process  bi  'id!"0  These  stands  were  designed, 

built,  and  installed  before  receipt  of  tue  runcrionai  equipment.  among 
process  items  requiring  stands  were  the  recycle  feed  makeup  tank  (T-102) , 
the  feed  table  containing  the  densitometer  and  blending  feed  tank  (T-113), 
the  reactors,  the  crystallizer  (A-500) ,  the  solid  bowl  centrifuge  (S-300), 
the  GN  centrifuge  (S-600) ,  the  evaporator  (A-800)  and  the  dryer-feeder  (11-701). 
la  Figures  II-3  to  1 1 —  1 1  in  the  Appendix,  the  resultant  equipment  supports 
can  be  seen. 


.  i  WFJJfT'* 


e.  Equipment  Installation 

After  the  major  process  equipment  items  had  been  received,  the 
following  steps  were  taken: 

(1)  The  equipment  was  positioned  by  fastening  to  the 
floor  or  to  a  stand, 

(2)  The  equipment  was  electrically  installed  and 
grounded  (for  static  electricity  protection). 

(3)  Inlet  and  outlet  piping  was  installed. 

(4)  Instrumentation  was  install*  • 


The  piping  in  many  cases  required  steam  tracing  and  insulation. 
After  the  above  steps  were  completed,  the  equipment  items  were  checked  for 
mechanical  and  electrical  performance,  cleaned  internally  and  then  cali¬ 
brated.  The  cleaning  step  was  necessary  to  insure  that  foreign  contaminants 
were  absent.  The  calibration  steps  involved  defining  operating  levels  in  the 
tanks,  defining  line  pressure  drops  for  the  pumps,  etc. ,  so  that  normal  opera¬ 
ting  performance  of  the  equipment  was  established. 


Ammonium  nitrate  and  urea  were  not  admitted  to  the  pilot  plant 
during  this  period.  Upon  completion  of  the  electric  substation  and  wiring 
hookup  of  all  electrical  equipment,  captive  electric  power  was  turned  into 
the  area.  Subsequently,  all  pumps,  agitators,  etc.,  were  checked  for  proper 
rotation  and  current  draw.  In  some  cases,  it  was  necessary  to  repack  and/or 
align  the  pumps. 


Process  equipment  and  associated  piping  were  thoroughly  cleaned 
with  a  hot  aqueous  detergent  solution.  The  equipment  was  subsequently  washed 
with  clear  water  and  then  dried  by  a  combination  of  heat  (via  steam  jackets 
and  tracers)  and  air  purging.  This  water  cleanout  operation  also  served  as 
an  opportunity  to  check  controllers,  automatic  valves,  and  pump  performances 
and  to  spot  gross  leaks. 


All  of  the  above  procedures  were  computed  .ne  aesired 

six-month  setup  and  "debugging"  time  schedule. 
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4 «  Pilot  Plant  Start-up 
a .  Preparat ion 

Before  the  pilot  plant  was  started  op,  a  number  of  activities 
had  to  be  completed  in  the  areas  of  training,  procedures,  and  equipment 
understanding.  Among  these  activities  were  the  following: 

(1)  Equipment  calibration  and  definition 

(2)  Checkout  of  laboratory  analytical  methods 

(3)  Preparation  of  specific  operating  procedures 

(4)  Operator  training 

(5)  Safety  Review 

Also  in  this  period,  the  first  shipments  of  chemicals  to  be  used  in  the  proc¬ 
ess  were  received  and  the  reactors  were  charged  with  catalyst. 


_1  Equipment  Calibration  and  Definition 

As  noted  in  the  previous  section,  during  the  last  month 
of  the  equipment  installation,  some  of  the  equipment  (e.g.,  tanks,  pumps) 
were  calibrated  during  the  cleaning  process.  In  addition  to  this  effort, 
each  piece  of  utility  equipment  was  given  a  preliminary  checkout,  for  func¬ 
tionality.  For  reference,  the  equipment  items  included  the  brine  chiller, 
the  vacuum  pumps,  the  high-pressure  electric  steam  boilers,  and  the  tempered 
water  system.  No  serious  problems  were  encountered. 


Specific  gravity  data  were  determined  for  various  combina¬ 
tions  of  AN/U/GN  at  elevated  temperatures.  The  resulting  data  were  utilized 
for  start-up  of  the  in-line  densitometer.  These  data  plus  known  AN-water 
density  data  were  used  in  calibrating  this  unit. 


The  calibration  was  followed  by  a  similar  determination  of 
the  feed  flow-rate  of  the  control  system  and  control  setting- .  A  S07.  AN  in 
water  solution  was  used  for  this  calibration. 


2  Check  on  t  of  Ana  let  i  c  a  I  Net!  u  ul_s 

it  has  piujt  etc  1  *  Mi  burin0  Mic  pilot  plant  operation, 
eight  types  ol  samples  would  routinely  he  analyzed  to  derenmiu  ° 

fornsance  and  control.  Table  St)  lists  Liu-  eight  samples  and  the  requested 


ANALYTICAL  SCHEDULE  FOR  GN  PILOT  PLANT 
USING  THE  U/AN  PROCESS 


■^H^C  Insol,  -  Water  Insolubles. 
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analysis  required  per  sample.  The  frequency  of  the  sampling  was  variable 
during  the  different  tasks  of  Phase  III.  The  most  frequent  sample  type 
analyzed  was  the  reactor  product. 


In  Table  50,  the  methods  referenced  that  were  used  for 
determining  the  urea,  ammonium  nitrate,  and  guanidine  nitrate  contents  were 
the  same  used  in  Phase  I.  These  methods  are  discussed  in  a  previous  section 
of  the  report.  The  water  content  is  determined  by  the  standard  Karl  Fischer 
analysis.  Total  solids  is  measured  by  drying  the  samples  of  water.  The 
percentage  of  water  insolubles  is  obtained  by  dissolving  the  sample  in  water, 
filtering  this  solution,  and  then  weighing  the  insolubles.  The  ash  content 
is  found  by  the  standard  method  of  burning  off  the  combustibles  in  a  muffle 
furnace  and  then  obtaining  the  weight  of  the  residue. 


_3  Operating  Procedures 

Prior  to  starting  up  the  pilot  plant,  detailed  operating 
procedures  were  written  for  each  unit  operation.  The  bases  for  these  pro¬ 
cedures  were  the  operating  methods  presented  in  the  Phase  II  section,  the 
specific  equipment  operating  instructions,  and  Hercules  Safety  and  Standards 
regulations.  These  procedures  were  revised  as  necessary  during  the  opera¬ 
tic^.,  as  operating  experience  was  gained.  The  purpose  of  the  specific- 
operating  procedures  was  to  provide  t-bo  operators  of  the  plant  with  a  rule- 
book  and  guideline  to  use  as  they  arc  operating  the  plane.  They  are  specific 
to  the  pi!ot  plant  and  not  ,,f  general  use  and  are  not  contained  in  this  re¬ 
port  . 


4  Operator  training 

Before  the  pilot  plant  was  started  op,  the  assembly  of 
technicians,  whose  responsibility  it  was  to  operate  this  plant,  were  trained. 
This  training  was  accomplished  by  use-  of  the  specific  operating  procedures, 
group  meetings,  and  on-the-job  training.  The  latter  was  achieved  during  t he 
equipment  cleaning  ar  d  ca  I  il»i  at  i  on  strip,,  s  and  by  working  with  the  process 
engineers  during  t lie  early  start-up  phases.  By  the  end  oi  the-  operating 
period,  a  few  of  these  technicians  had  qualified  as  shift  leaders.  This  is 
significant  when  the  complexity  of  the  intertwined  multiple  unit:  operations 
is  realized. 

5  S a  i , ■  t  y  Review 

Also  before  the  pilot  plant  was  slatted  up,  the  process 
and  its  planned  operation  had  to  he  reviewed  with  corporate  satetv  officers 
to  show  that  it  vas  consistent  with  Herc  ules  said  v  and  government  safety 
regulations.  These  reviews  were  accomplished  with  only  minor  process  modi- 
1 K  at  ions  . 


On-site  inspections  and  safety  reviews  were  conducted  by 
Hercules  Industrial  Systems  Division  personnel;  namely,  Mr.  R.  C.  Tucker, 
Director  of  Operations;  Mr.  J.  A.  Ruth,  Manager  of  Process  Engineering; 
and  Dr.  R.  S.  Voris,  Manager  of  Research.  Subsequently,  a  formal  design 
review  was  held  at  Hercules /Kenvi 1  with  emphasis  on  equipment  and  building 
design,  operating  procedures,  and  waste  disposal,  as  related  to  Hercules 
Chemical  Propulsion  Standards  and  Hercules  Major  Facility  Project  Manage¬ 
ment  System.  The  following  corporate  groups  were  represented  at  this  meet¬ 
ing:  Safety,  Engineering,  Departmental  Research,  Research  Center,  and 
Allegany  Ballistics  Laboratory.  Authorization  was  granted  to  introduce 
ammonium  nitrate  and  urea  into  the  system. 

The  first  shipments  of  chemicals  being  used  in  the  pilot 
plant  were  received  during  the  last  month  of  the  construction  phase. 

Tables  51,  52,  53,  and  54  contain  the  nerti.n  mt  specifications  of  the  ammonium 
nitrate  prills,  urea,  and  Houdry  Silica  Bead  catalyst. 

Uncoated,  addit ive- free  ammonium  nitrate  prills  were  ordered. 
In  Table  51  it  can  be  seen  that  the  only  trace  impurities  that  the  AN  con¬ 
tained  were  ~  0.34a  of  salt  additives.  These  salts  are  added  to  the  ammonium 
nitrate  as  crystal  habit,  modifiers.  These  salts  or  substitutes  are  contained 
in  several  commercial  grades  of  AN  to  prevent  prill  breakage.  Reagent  grade 
or  solutions  of  AN  are  minus  these  components  but  were  not  sufficiently  com¬ 
patible  in  price  or  process  for  use  in  the  pilot  plant.  Phase  I  runs  indi¬ 
cated  no  reaction  conversion  penal  Lies  due  to  use  of  commerc ial  grades  of  AN. 
(Note:  it  was  found  later  in  this  portion  of  the  program  that  these  salts 

are  indeed  harmful  to  the  catalyst  and  that  only  reagent  grade  AN  could  be 
used . ) 

Table  52  shows  the  specifications  for  the  commercial  grades 
of  urea  used  in  the  pilot  plant.  The  major  variable  specifications  in  com¬ 
mercial  grades  of  urea  are  the  biuret  content  and  the  nitrogen  content. 

Sint  o  biuret  is  believed  to  he  consumed  in  the  U /AN  process  as  a  reagent, 
the  lj  /AN  urea  specification  was  based  on  the  nitrogen  content  requirement. 
Again  for  the  pilot  plant,  uneonf  e.|  prills  were  reque.ded  so  that  a  filter¬ 
ing  step  to  t'einovt  these  coatings  was  not.  a  pilot  plant  requirement  .  Phase  I 
rum.  showed  no  deleterious  effect  s  ot  using,  •.  omuic  t  L  i  a  1  grades  of  urea. 

A  inbO-lb  shipment  til  Houdry  Silica  Head;.  (catalysL)  was 
received.  At  the  request  ot  He  re  ii  i  e  ,  /  Ken  v  i  1,  Ait  Products  and  Chemicals. 

Inc.,  forwarded  a  sc  ret  n  analysis  and  crushing  data  tot  this  material.  A 
e output i son  was  also  made  to  si  mi  lar  material  purchased  during  Phase  I  of  the 
program.  The  At  Produ  t s  and  Chemicals ,  Inc .  letter  is  presented  in 
Table  5-'.  ,  Th  Hendry  Silica  Read  properties  are  shown  in  Table  5  i .  A  ft  el 
the  react, n  had  been  c  leaned  and  dried,  the  top  elbows  we  t e  temoved  lot 
catalyst:  eharging.  Since  t  Ins  e  was  concern  regarding  di  v  loading  bteakage 
of  the  Ho  ml  i  v  S  i  1  i  i  o  Hi  ads  ,  a  trt<  -t.ill  drop  test  \  a ;  t>e  t  t  ■  <  i  v.n  J  e,  he  i  e  a 


TABLE  '31 


ANALYTICAL  RESULTS  FOR  UNCUATED  AMMONIUM  NIT  RAT)'.  {’RILL.: 

HERCULES  INCORPORATED 

l  OUISIANA.  MISSOLH!  613VJ 

CERTIFICATE  OF  ANALYS'S 

AMMONIUM  NITRATE  TRILLS,  rxcuATKi; 


CUSTOMER: 


Hi’rcu  Lr;  Ir.t.  .  >rp-.>  r  <  :  •  i! 
Konvi  1,  NJ  07  .  ; 

All.  !i  t.  l  on  :  Mr  .  V  v  ■  ■ 


DATE  SHIPPED  ILLlIL _ CAPRI  ER _ '  "  /<t'~  ; 

NET  WEIGHT _ i',’n(l0"‘  _ _ _ LOT  MUMPER . _ 

CUSTOMER'S  ORDER  NO. _ . . .  JU.RnT.K-:  ORDER  N». 
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TABLE  52 


ANALYTICAL  RESULTS  FOR  INDUSTRIAL  GRADE  PRILLED  UREA 


SunQlin  Chemical  Company 

CLAYMONT,  DELAWARE  19703 


T elfphone  Area  Code  302  xjfl-fcPOt 


March  2,  1972 


Mr.  Fred  Fremd 
Hercules,  Inc. 

Kenvil,  N.J.  07847 

CERTIFICATE  OF  ANmlYS IS 

This  is  to  certify  the  anaiysis  of  a  truck  shipment  of  prilled  urea, 
indi  trial  grade,  on  March  1,  1972  to  Hercules,  Inc.,  Kenvil,  N.J. 


X  Moisture 
%  8  i  u  r  e  t 

%  n2 

ppm  F r 

ppm  Free  NH3 
ppm  Ash 
t  u  r  b  i  d  i  t  y 
pH 

APHA  Color 


0.0 

X 

on  6  mesh 

2.  1 

X 

thru  6  mesh  on  0  mesh 

97.  i 

X 

on  20  mesh 

0.8 

X 

thru  20  mesh 

.  24 
.9^ 
46.5 
0.  1 
150 
4 

<  5 
9.6 

<  5 


0.  L.  Nor  ile  r 
Chief  Chemist 


’ *rv '  - «*^api ?« >■  «is^?pswiw b‘,wwttww^i"' pwssp^P'JPlW  f SSKBWPS^ *-' .’- ^^UPRKST  '  ^.W^PHVr 55 T  ■tr'Y' T ? 7 * ^SS?35ip?^S 

...  ..L.y.awMi  fw'«WM— <1^ XWWWMH*— — »*»W  >in ill  i m  ynn*iiHHw>M.w.i«M— mMwwM, 


TABLE  5_S 

CHARACTERIZATION  OF  HOUDRY  MACROPORODS  SILICA  BEADS 

i 


CATALYSTS 

MACROPOROUS  SILiCA  BEADS  (Experimental) 

(Catalyst  support  No.  532  CP) 


DESCRIPTION 

These  beads  are  characterized  by  good  physical  strength,  high  purity,  high  absorptivity 
and  surface  area.  The  beads  will  not  shatter  when  immersed  in  water  and  therefore  can  be  easily 
impregnated  w'th  metal  salts.  Typical  properties  a>e  tabulated  below: 

TYPICAL  PROPERTIES 


Chemical  Analysis 

S1O2 

>99  Weight  percent  (ignited  basis) 

AI2O3 

<0.1  Weight  percent  (ignited  basis) 

Fe2°3 

<0.1  Weight  percent  (ignited  oasis) 

Na20 

<0  1  Weight  percent  (ignited  basis) 

NOj 

<0.01  Weight  percent  (ignited  basis) 

Cl 

<0. 1  Weight  percent  (ignited  basis) 

Physical  Properties 

Surface  \rea 

350  m*7y  ( Typical  value  areas  In  exces  .  of 

700  m2  ,|  available  by  special  processing.) 

Packed  Bulk  ,  tensity 

0  4  to  0  5  kg  1  (Typical  range  after  an  air  cal 
cination  at  1050°F  Values  of  0  35  to  0.75  kg '1 
under  same  calcination  conditions  available  hy 
special  processing  ) 

Par  title  Size 

4  0  mm  avg  Uiameter  (pal  tides  as  small  as  1  nun 
available  by  special  processing  ) 

Particle  Sfi.  r ■»* 

l )! ilate  Splier  mils 

Hardness 

Mm  B  lbs  (Single  particle  plate  to  plate  crushing 
strength  Value  depends  i  n  both  pat  tide  diameter 
and  processing  procedures.) 

Porosity 

(id  to  ib  vo1  depends  on  processing  pro 

cei  lor  e 

Water  Ahso  ption 

(a;  to  i  .’!i  vs t  depends  on  prm  essinij  procedure. 

Particle  Density 

0  till  to  0  90  g  (i  depends  on  processing  pro 

i  er lure 

true  Density 

1-1  to  .’.’li  g  ,  i  depends  chi  processing  pro 

i  rdore 

AVAIL  A  HU! I Y 


Pilot  plant  pu.int  ilii*:.  of  ni.aniporuu'  silica  treads  arc  avail. ililc  for  development  work 
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TABLE  54 

SCREEN  ANALYSIS  OF  HOUDKY  SIT.ICA  BEADS 


A  c^/ii  7~iot/ucZl 
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CHEMICALS  GROUP 
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I  IOUORY  DIVISION 


W  J.  Cross,  Jr.  General  Manager 
R .  G  Cr  Jig,  Mkt  Mgr , 

Tel:  (21b)  087-611)0 
Tvix:  b  10-668-2034 
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quantity  of  beads  was  dropped  through  a  1-in. -diameter  pipe  into  an  aluminum 
tub.  There  was  no  visible  breakage  of  beads.  Each  reactor  was  then  loaded 
with  about  30  pound  of  silica  beads  ”  le  final  level  in  each  reactor  coin¬ 
cided  with  the  top  of  the  steam  jacl  Circular  pieces  of  stainless  steel 

screen  were  welded  to  i-in. -thick  st  ss  steel  rings  (diameter  £-in.  less 

than  reactor  diameter).  These  asset  v._”e  placed  on  top  of  the  individual 

catalyst  beds  for  retention. 


b.  Pilot  Plant  St 


>t  Problems 


After  the  above  preparat 
started  up  with  introduction  of  "live 
with  full  intent  to  operate  the  entir 
encountered  which  were  not  complete'.', 
At  this  point,  operation  of  the  tot.: 
The  start-up  period  required  more  tin 
was  necessary  because  of  the  complex 


had  been  completed,  the  plant  was 
eagent  AN  and  U)  ingredients  and 
ant.  Typical  start-up  problems  were 
olved  until  five  or  six  weeks  later, 
ntegrated  pilot  plant  could  be  achieved, 
.n  had  been  predicted,  but  this  tine 
f  the  pilot  plant  and  also  because 


of  the  five-day  per  week  operation  mote.  Proper  start-up  of  the  entire  plant 
required  one  and  a  half  days  and  orderly  shutdown  of  the  plant  required  a  day. 
In  a  five-day  week,  therefore,  half  of  the  available  operating  time  was  lost. 
A  seven-day  a  week  operation  was  implemented  after  the  start-up  to  minimize 
the  plant  downtime. 


The  equipment  problems  faced  on  start-up  were  typical  of  those 
encountered  in  other  processes  of  this  type.  The  major  problems  encountered 
are  listed  below  with  a  brief  discussion. 


JL  Line  Plugging  Due  to  "Cold  Spots" 

The  two  AN/U  melters  (different  AN/U  ratios)  operated  as  de¬ 
signed,  i  ,e . ,  sufficient  heat  transfer  area  to  melt  ingredients  as  required. 
Some  problems  were  encountered  as  a  result  of  insufficient  heat  on  the  trans¬ 
fer  Ifnes,  but  additions  of  more  steam  tracers,  improved  insulation  and/or 
application  of  heat  transfer  cement  were  beneficial. 


2  Molten  Mixtures  of  AN  and  U 

Occasional  problems  were  encountered  in  pumping  the  molten 
mixtures  of  ammonium  nitrate  and  urea. 


Gases  formed  in  the  melters  (presumably  ammonia)  would  build 
up  in  the  centrifugal  pump  casing  and  make  tiansfer  almost  impossible.  The 
first  approach  to  solving  the  problem  consisted  of  installing  a  vertical  tube 
on  the  suction  side  of  the  pump  (P-100)  for  disengagement  of  the  gases  from 
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the  melt.  This  action  was  not  completely  satisfactory.  By  the  end  of  the 
start-up, the  tube  w l  replaced  with  a  vented  9-gallon  stainless  steel  con¬ 
tainer  and  f  e  pump  .ucticn  lines  were  changed  from  ‘s-  in .  diameter  to  1-in 
diameter  pi;  .  Melt  transfers  were  then  made  with  relative  ease. 

The  source  of  the  gases  was  presumed  to  be  the  hydrolysis 
of  urea.  The  water  necessary  for  the  hydrolysis  came  From  three  sources: 
moisture  in  the  solids,  recycle,  and  from  the  air  (the  AN/IT  molten  mixture 
is  quite  hygroscopic). 


3  E lec tr ic  Steam  Boilers 


Problems  using  the  packaged  boilers  were  of  three  types: 
conductivity  control,  sensitivity  to  loads,  and  blowdown  losses.  These 
boilers  operate  on  the  principle  of  electric  conductivity.  This  conductivity 
must  be  maintained  at  a  certain  level  to  obtain  the  design  output.  Too  high 
a  conductivity  resulted  in  shutdown  due  to  high  amperage.  Too  low  a  con¬ 
ductivity  resulted  in  undercapacity.  Installation  of  a  deionizer  and  a  con¬ 
densate  recycle  system  provided  better  control  of  this  variable  than  was 
achieved  with  the  well  water. 


The  boilers  were  found  to  be  extremely  sensitive  to  load 
swings,  primarily  due  to  the  low  steam  holdup  in  the  boiler.  Installation 
of  back  pressure  regulating  valves  reduced  the  effect  of  this  variable  to 
an  acceptable  level. 


When  well  water  was  being  used  as  the  feedwater  for  the 
boilers,  the  boilers  had  to  be  continuously  blown  down  to  maintain  the  con¬ 
ductivity  at  an  acceptable  level.  This  was  due  to  the  high  mineral  content 
of  the  well  water.  The  resultant  nigh  frequency  of  blowdowns  severely 
lowered  the  effective  capacity  of  the  boilers.  Utilization  of  the  deion¬ 
ized  water  and  recycled  con  Vnsate  greatly  decreased  the  blowdown  frequency 
and  minimized  this  problem. 


Reactor  Feed,  Catalyst,  and  Product 

One  major  operational  problem  which  surfaced  when  the  plant 
became  operational  was  the  inability  of  the  feed  system  to  distribute  the 
flow  equally  between  the  eight  reactor  tubes.  Most  of  the  pressure  drop  in 
the  feed  and  reactor  system  was  hydrostatic  head.  With  the  low  flows  in¬ 
volved  (~  2  gph/tube),  the  dynamic  pressure  drop  was  very  small  and  the  flow 
could  not  be  throttled.  The  reactor  feed  system  had  been  designed  so  there 
would  be  an  equivalent  drop  in  1  low  pressure  through  all  eight  tubes.  How¬ 
ever,  since  most  of  the  -P  is  hvurostat ic ,  a  small  change  in  the  condition 
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of  a  bsd  (due  to  such  actions  as  plugging  and  settling)  severely  changes 
the  pressure  drop  and  resultant  flow  through  that  bed.  The  apparent  solu¬ 
tion  was  to  add  dynamic  pressuie  drop  to  the  system  which  could  be  throttled 
as  required.  To  confirm  this,  orifice  plates  were  added  to  four  of  the 
reactors  in  an  attempt  to  add  10-15  psi  additional  <lP  to  the  flov’  system. 
This  was  a  "quick  fix,"  and  homemade  orifices  were  used.  The  result  was 
that  only  two  of  the  four  orifices  demonstrated  the  desired  effect;  the 
other  two  had  burred  orifices  and  a  pressure  drop  higher  than  available  by 
the  feed  pump. 


Once  the  principle  of  adding  a  throttling  pressure  drop 
was  shown  co  be  effective,  miniature  needle  valves  with  vernier  dial  handles 
were  purchased  and  added  to  the  reactor  feed  system  in  a  bypass  loop  around 
the  main  1-in.  ball  valves.  The  ball  valves  were  left  in  the  system  for 
the  purpose  of  draining  the  reactors.  After  the  microvalves  had  been  used 
for  a  period  of  time,  it  was  shown  that  they  did  solve  the  problem  but 
were  not  optimum  because  they  required  constant  attention. 


Before  the  end  of  the  production  run  attempts,  it  was  de¬ 
cided  to  purchase  a  flow  control  loop  for  each  reactor.  This  equipment  was 
procured  but  was  not  installed.  It  will  be  utilized  if  an  additional  pro¬ 
duction  program  is  requested. 


It  was  found  that  the  conditions  of  the  catalyst  in  the 
reactors  was  quite  sensitive  to  thermal  cycling.  In  the  periods  of  five- 
day  operation  and  boiler  problems,  the  temperatures  of  the  reactors  were 
necessarily  up  and  down,  causing  catalyst  weakening  and  attrition.  This 
catalyst  degradation  was  followed  by  a  non-flow  condition  and  over-reaction. 
The  result  was  inoperative  tubes  filled  with  a  hard,  fused  material  wl.ich 
was  difficult  to  remove.  Implementation  of  the  seven-day  operation,  better 
boiler  operation  and  improved  reactor  flushing  and  draining  techniques  essen¬ 
tially  eliminated  this  problem. 


During  early  operations,  it  was  found  that  catalyst  was 
being  carried  overhead  of  the  reactors  and  being  trapped  in  the  gas-liquid 
separators  and  overhead  lines,  leading  to  line  plugging.  Installation  of 
a  positive  hold-down  screen  at  the  top  of  each  reactor  eliminated  this  prob¬ 
lem  . 


_5  Solid  Bowl  Centrifuge 

A  laboratory- size  solid  bowl  cent  ri 1 uge  was  selected  for  use 
in  the  pili  i  plant  because  of  the  anticipated  small  amount  of  insolubles  load. 
Being  a  laboratory  model,  it  was  sensitive  to  the  operating  conditions  and 
when  flow-rate  or  insolubles  level  cycled  to  high  values,  some  separation 
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problems  occurred.  Careful  control  of  the  flow  rate  and  reduction  of  the 
insoiubles  level  (by  changing  the  reactor  operating  parameters)  resulted 
in  a  much  smoother  operating  unit. 


6  Ammonia  Leaks 


The  by-product  ammonia 
loose  seals  in  the  off-gas  scrubber  and 
water  streams.  Installation  of  a  tight 
pertinent  product  lines,  and  additional 
above  problem. 


leaked  into  the  operating  room  from 
by  dissolution  from  the  melt  and 
metal  scrubber,  gas  seal  loops  in 
building  fans  greatly  reduced  the 


2  Guanidine  Nitrat e_C r y stallizer 

Because  a  heat  wave  occurred  during  the  start-up  period 
and  because  most  of  the  equipmen*  in  the  pilot  plant  utilized  steam  heat, 
the  process  room  containing  the  crystallizer  reached  an  ambient  ream  tem¬ 
perature  of  approximately  110°F.  The  crystallizer  solution  was  cooled  by 
evaporative  cooling.  It  was  found  that  under  the  above  conditions  the 
vacuum  system  was  undersized  and  instead  of  cooling  down  to  about  65-70°F 
as  designed,  the  crystallizer  temperature  could  be  reduced  only  about  10°F 
below  ambient.  To  help  resolve  this  problem,  cooling  coils  were  added 
to  the  crystallizer.  After  the  temperature  due  to  vacuum  cooling  leveled 
out,  the  coils  were  used  to  decrease  the  temperature1  an  additional  25°F. 
Eventually,  the  vacuum  system  will  be  modified  to  offset  the  higher  ambient 
temperatures . 


8  Guanidine  Nitrate  Centrifuge 

During  the  first  use  of  the  large  centrifuge,  it  was  learnc 
that  plow-to-cake  drag  was  stopping  the  basket  in  the  plow  mode.  It  was 
necessary  to  (1)  fabricate  a  new  plow  blade  with  a  sharp  edge  and  (2)  in¬ 
crease  the  plow  speed  from  '>0  rpm  to  100  r pm .  These  changes  solved  the  drag 
problem . 
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5 .  Production  Run  Attempts 


After  the  start-up  problems  of  the  pilot  plant  had  been  partially 
resolved,  the  operation  was  directed  toward  production  of  the  required  q  \an- 
tity  of  guanidine  nitrate.  Two  attempts  were  made  at  production  runs  be!  ore. 
it  was  realized  that  the  catalyst  was  becoming  deactivated.  Detailed  dis¬ 
cussion  of  these  two  runs  follows. 


a *  Catalyst  Run  No.  I 

The  first  catalyst  run,  defined  as  that  run  employing  the  first 
catalyst  charge,  represented  a  futile  attempt  to  start  up  and  sustain  the 
operation  to  make  production.  The  period  of  operation  covered  by  this  run 
was  June  8  to  July  1C.  The  plant  ran  well  on  occasions  during  this  period, 
but  in  general,  it  was  a  period  of  frustration  because  of  the  following  con¬ 
straints  and  problem  areas. 

(1)  Start-up/shutdown  times  represented  50%  of  the 
operational  time. 

(2)  Erratic  steam  boiler  operation. 

(3)  Equipment  limitations  (feed  distribution,  in¬ 
solubles  separation,  vacuum). 

Although  this  period  of  operation  was  not  smooth,  a  great  deal  of  valuable 
information  was  learned  about  the  operation,  the  process  variables  and  com¬ 
ponent  performance. 


The  available  data  from  this  run  are  shown  in  Table  II- 1  in 
Appendix  II.  Calculated  results  are  shown  in  Figures  11-12  and  T.I-13  in 
Appendix  II  and  Figure  57.  As  can  be  seen  from  Table  II- 1,  the  operation 
during  this  run  was  variable  in  regard  to  the  number  of  tubes  used,  the  feed 
rate,  reaction  temperature  and  feed  mole  ratio.  Table  55  lists  the  guanidine 
nitrate  that  was  formed  during  this  effort. 


The  data  in  Table  II- 1  represent  a  host  of  operating  conditions 
anJ  alone  show  few  trends.  However,  in  the  perspective  ol'  the  total  data  on 
hand  and  experience  from  the  operation,  several  insights  can  be  drawn  from 
this  run.  (Initial  reactivity  is  defined  as  that  occurring  in  the  first 
2-3  hours.) 

(1)  The  initial  reactivity  irotr.  a  fresh  bed  of  cata¬ 
lyst  appears  to  be  higher  than  its  steady  state 
va lue  . 
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(2)  Either  the  flow  distribution  to  the  eight  tubes 
must  be  maintained  or  the  total  feed  rate  must 
be  adjusted.  Otherwise,  the  effectiveness  of 
the  plant  decreases  with  time.  The  history  of 
Run  No.  1  was  a  gradual  loss  of  tubes. 

(3)  As  the  theory  and  Phase  I  work  showed,  the  level 
of  insolubles  formed  is  indeed  a  function  of  tirua 
concentration  and  temperature.  The  higher  the 
two  of  these  variables,  the  more  amine  1  I  dc  re¬ 
covered  . 

(4)  The  stripping  of  water  from  the  recycle  moihet 
liquor  is  extremely  important  from  both  an  opei  - 
ational  and  a  yield  standpoint.  Residual  vnl ei 
in  the  feed  creates  pumping  problems.  It  also 
reacts  with  feed  urea  in  the  reactor  ( i  lie  >  hi 
bamate  side  reaction),  thereby  low*  ling  tin  giiani 
dine  nitrate  yield. 


Figure  11-12  (Appendix  II)  shows  tin-  result. nit  lb  (IN/ lb  lend 
for  Run  No.  1;  Figure  II-L3  shows  the  actual  busily  (IN  piodw*  t  I vl t y  lot  thin 
run,  whereas  Figure  57  shows  productivity  norma  1 i zed  to  1  HO  Ih'lu  In  eight 
tubes.  Because  of  the  data  scatter  and  host  oi  valuables  represented  by 
these  data,  no  lines  were  drawn  through  these  curves.  The  product i vi t y , 
however,  does  not  appear  to  be  decaying  with  time. 


The  major  equipment  operational  problem  during  this  run  was 
encountered  with  the  electrode  steam  boilers.  Problems  were  associated 
with  the  boiler’s  operating  principle  of  conductivity.  Steam  problems 
affect  the  plant  drastically  because  loss  of  steam  leads  to  plugged  lines, 
loss  of  reaction  heat  and  incomplete  mother  liquor  evaporation.  Incomplete 
evaporation  results  in  excess  water  in  the  recycle  teed  which  contributes 
to  pumping  and  yield  problems. 


Since  the  loss  oi  steam  so  drastically  atlects  the  operation 
of  the  pilot,  plant,  it  was  the  major  contribution  for  down-time.  Other 
equipment  items  which  gave  less  than  optimum  perl  ortnance  were  the  solid 
bowl  centrif  uge,  the  vacuum  pumps  and  the  dryer .  The  solid  bowl  centrifuge 
problems  wen  caused  by  its  limited  (  laboratory-s  i/.e)  capacity.  When  the 
operating  conditions  chosen  resulted  in  a  high  insolubles  traction,  a  high 
frequency  of  howl  changes  became  necessary,  and  as  the  solids  level  approached 
the  bowl  capacity,  the  ability  ol  the  machine  t  >  separate  tin-  ammo  1 i de  effi¬ 
ciently  was  strained.  Since  the  unit  was  designed  for  use  in  batch  laberuto  ” 
operations  and  not  toe  continuous  pilot  plant  use  (at  elevated  t emperatul  es 
and  in  a  corrosive  atmosphere) ,  its  maintenance  1 reqaency  was  high .  The 
vacuum  pump  problems  were  primari ly  due  to  a  high  ambient  bui lding  temperature 
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and  contamination  of  water  in  the  seal  oil.  The  latter  drastically  lower:; 
the  pump  performance  in  the  10-20  torr  range.  This  contamination  can  be 
minimized  and  essentially  eliminated  by  very  careful  manual  control,  but 
this  had  not  been  the  case  in  this  period.  Some  modification  of  this  sys¬ 
tem  will  be  necessary  for  the  full-scale  production  run. 


The  guanidine  nitrate  dryer  was  not  operational.  A  run  was  made 
in  July  using  cocurrent  heated  feed  air  and  was  encouraging  in  that  its  run 
length  was  the  longest  experienced  yet.  The  dryer  operated  efficiently  for 
six  continuous  hours  before  the  run  was  terminated.  It  was  stopped  as  were 
previous  runs  when  the  shaft  began  thumping  because  of  material  caked  between 
its  paddles.  The  shaft  was  sprayed  with  Teflon  to  prevent  this  material  ad¬ 
hesion,  but  the  available  Teflon  spray  was  not  effective.  A  decision  was  then 
made  to  remove  the  dryer  shaft  and  have  it  commercial  1 3:  coated  with  a  nonstick 
coating  (Teflon  FEP) . 


Modifications  were  made  in  the  steam  boilers  system  to  mprove 
reliability.  The  following  modifications  greatly  improved  boiler  performance: 

(1)  Installation  of  back  pressure  regulators  down¬ 
stream  from  the  boiler  so  that,  in  operation, 
if  the  Wfssure  dropped  below  a  preset  value 
(300  psig)  because  of  toad  demands,  these  con¬ 
trol  valves  closed,  preventing  the  boiler  from 
supplying  steam  at  a  lower  pressure.  The  re¬ 
sult  is  that  the  system,  instead  of  the  boiler, 
takes  the  major  load  swings  and  the  boiler  has 
only  minor  swings. 

(2)  It  had  been  decided  that  the  feedwater  sources 
for  the  boi le 1  would  be  those  with  low  mineral 
content,  either  the  condensate  recycle  or  the 
deionised  water.  Later  in  the  operation,  a  de¬ 
cision  was  made  to  use  only  reeve  It'  condensate  . 

(!)  Periodic  cleaning  01  the  boiler  interim  using 
sulfamic  acid  and/or  tri. sodium  phosphate  ap¬ 
peared  to  improve  reliability  by  removing  build¬ 
up  scale  and  sludge,  ever  though  the  m.  nuf'ac- 
t  mer  stated  that  it  was  irt  necessary  t  1  do 
t  h  i  s  f  re quen t  I y . 


In  add  i  1  1  i'ii  to  lie  above  mod  i  I  1  c  .1 1  1  .  11  s  .  it  we;  decided  to  mom  1  e 
equipment  Lo  increase  the  pressure  in  the  plant  steam  line,  which  turds  the 
building  tor  beating  and  for  the  me  l  t  kottli  t  1  oni  >u  psig  to  1 20  psig.  This 
will  ail  ow  use  <>1  this  ••tram  ivan'o  lot  tin-  ev.uaoi  at  or  and  high  pressure  trac¬ 
ings.  The  steam  load  required  lor  the  evapotal  u  is  t  1 1 1 •  n;a  ji.it  demand  (  •  '/()'., > 
on  tiie  EBCOK  boi  l  err, .  Tins  modi  t  i  cation  was  not  made  ilm  ini:  this  program  but 
will  lie  necessary  bo  loro  t  he  pilot  plant  is  started  again. 


b .  Catalyst  Run  No.  2 


Catalyst  Run  No.  2  was  conducted  using  the*  second  charge  of 
catalyst  and  covered  the  operational  period  of  July  17  to  August  1,  1972.  This 
run  was  continuous;  that  is,  the  operation  was  never  shut:  down  in  this  period 
and  all  eight  tubes  were  used  in  the  run.  Major  events  of  Run  No.  2  are  shown 
in  Table  56 . 


The  first  2^  to  3  days  of  operation  were  successful  in  that  the 
mechanical  operation  of  the  plant  went  smoothly,  and  the  product  of  good  qual¬ 
ity  was  made  (See  Table  57).  However,  by  July  20,  the  Quantity  of  GN  recovered 
from  et  h  successive  crystallizer  hatch  was  decreasing  tnd  it  was  postulated 
that  the  catalyst  had  lost  its  activity.  Since  one  of  tie  likely  reasons  for 
this  was  that  the  bed  was  loaded  with  ammelide  coating  the  catalyst  surfaces 
it  was  *-  lected  to  flush  the  beds  at  nonreaction  conditions  with  high  AN  feed 
in  an  attempt  to  wash  the  catalyst.  After  the  flushing  step,  it  was  planned 
to  restart  the  run  and  program  the  conditions  to  start  forming  GN  again  but  in 
the  absence  of  ammelide. 


Three  days  after  this  poisoning  theory,  it  was  learned,  when  an¬ 
alyses  of  the  reaction  product  becare  available,  that  the  beds  had  not  lost 
their  activity  as  postulated  but  had,  in  reality,  leveled  out  at  a  lower 
reactivity.  An  attempt  was  then  made  to  stabilize  the  react  ion  conditions  bv 
operating  on  recycle  with  just  incremental  addition  of  urea  (equivalent  to  the 
urea  being  consumed).  By  August  1,  when  sufficient  analyt  cal  data  were  avail¬ 
able  and  calculated  (Figure  58),  it  was  apparent  that  the  catalyst  activity 
had  not  leveled  off  but  was  decaying  so  the  decision  was  made  to  shut  down  t ue 
operation.  A  meeting  was  scheduled  for  the  first  week  in  August  to  review  the 
operation  and  the  apparent  catalyst  decay  and  to  formulate  a  plan  of  action 
for  future  work. 


As  noted  in  Table  56,  multilayer  cakes  were  becoming  a  problem 
near  the  end  of  the  operation.  The  heel  on  the  centrifuge  cake  consisted  of 
two  distinct  crystals  -  a  very  tine  whited  colored  one  and  a  larger  tan  crystal 
The  fine  crystal  blinded  the  centrifuge  cloth  and  created  centrifuging  problems. 
The  source  of  the  two  crystals  had  not  yet  been  identified,  hut  the  following 
possibilities  were  considered: 

(1)  A  decision  had  been  made  a  day  or  two  In*  fore 
the  multilayer  problem  occurred  to  charge  wet 
product  available  from  <  arliei  runs,  whose 
quality  was  less  than  di  sirable  ( t rom  runs  in 
which  problems  had  occurred)  and  t rom  centii- 
fuge  heels,  back  to  the  workup  system  in  t h» 
quench  or  crystallizer  feed  tank.  This  ma¬ 
terial  would  have  been  recrystallized  and  dried. 
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TABLE  56 

JULY  1972  CHRONOLOGICAL  HISTORY  OF  PILOT  PLANT 


Date 

July  1 >  2 
July  3,  4 
July  5-7 
July  8 
July  10 

July  11-15 

July  14-15 
July  17 
July  19 
July  20 
July  21-22 

.iilv  ?/ 

1 1 1  i  y  .  ’  . 
July  25 

July  2f> 


Event 

Operation  on  Catalyst  Red  No .  1 
Ho  1 idays 

Boiler  checkout;  visit  by  EBCOR 
Restarted  pilot  plant 

Shut  down  pilot  plant  due  to  high  pressure  drop  and 
fines  in  product 

Boiler  modification  and  distribution  valve  modifi¬ 
cation 

Repacked  beds 

Restarted  pilot  plant  -  bun  No.  2 

Steady  state  operation  and  first  u.ita  collection 

Catalyst  appeared  to  have  become*  inactive 

Flushed  reactors  at  low  temperature  and  with  high 
AN  (primarily  recycle)  Iced 

Restarted  rear  tor  with  programmed  feed  rate  and 
t  empei  .lt  tire 

1  n<  reused  t  <  mpi  i  a  i  im 

0'i'l.uiu"  on  l. -cycle  with  uiea  solid.-,  addition  to 
in  vi  !e  tank  (>.itc  equal  to  uiea  Hein}',  consumed) 

liu  !i'.t,cil  t  eiiiju-r.it  in  e  again  (lSb  l')li  | , .  i  i  >  *  )  .  Sets 
FKC-  .!  on  manual  and  controlled  blend  -d  tecyele 
i  nd  t  i  e  ;  I,  ina  lieu  p 

1  m  l  a  a  .-  d  makeup  .  ee  vi  !  e  'at  in,  I  n.  r  t  a,,  e  .1  teed  rati 


-  -  I  i  f  I  .  !  mi’i  j  1 1  o  i  >  1  e  in-,  o  !  •  i  i  t  i  1  .  i  e  f  e  a  1. a 

lb  -  c  I  •  It.  1  du  p  in.  lra.dti);  t  •  max  1  im  mi.  Still  mult 

aKe  .  .i,  ;  em-.  .  1  .  e  d  pi  imp  p  i  .  '.hi  .  i  i  tjn  i  i  i  in-iil  in- 

-  1  e.e.  i  i.-g  . 
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Figure  58-  Normalized  Productivity  Vs  Time  -  Second  Catalyst  Run 


It  has  been  postulated  that  some  of  the 
solids  charged  did  not  dissolve.  This  would 
have  meant  a  slurry  feed  to  the  crystallizer 
and  a  resultant  two-crystal  growth  pattern. 

(2)  At  about  this  same  time  an  inadvertent  error 
was  made  in  charging  the  crystallizer.  A 
cold  heel  was  left  in  the  crystallizer,  and 
hot  feed  was  dumped  in  on  top  of  it,  thereby 
quenching  the  incoming  material.  This  would 
have  generated  fines. 


Table  11-2  in  Appendix  II  lists  the  data  and  calculated  results  for  Run  No.  2, 
Figures  11-14,  11-15,  and  11-16  in  the  Appendix  and  Figure  58  show  the  plotted 
productivity,  productivity/hr,  yield,  and  productivity/hr  normalized  to  180  lb/ 
hr  feed,  respectively.  The  operation  during  Run  No.  2  was  mechanically 
smoother  than  previously;  that  is,  down-time  periods  due  to  boiler  problems, 
etc., were  minimal.  The  flow  distribution  was  not  as  poor  as  in  the  previous 
run,  but  over  the  two-week  operation,  the  number  of  effective  tubes  was  re¬ 
duced  because  of  uneven  flows.  By  the  end  of  the  run,  the  pressure  drop  re¬ 
quired  to  maintain  flow  could  not  he  provided.  It  was  speculated  that  the 
beds  at  this  time  were  broken  up  again  into  fines.  (When  the  beds  were  dumped 
in  August,  it  was  learned  that  this  was  true  for  only  two  tubes  and  that 
actually  the  high  AP  differential  was  due  to  the  upper  screens  being  plugged 
with  insolubles.)  Since  the  pilot  plant  was  experiencing  operational  prob¬ 
lems  due  to  feed  and  product  plugged  lines,  steam  failures  and  flow  problems, 
material  balances  could  not  be  made  on  the  reactors,  A  method  had  to  he  de¬ 
veloped,  in  the  absence  of  a  material  balance,  which  would  give  a  rapid  in¬ 
dication  of  the  reactor  performance.  Since  there  is  a  total  conservation  ol 
nitrate  moles  across  the  reactor  (assuming  little  or  no  ammonium  nitrate  de¬ 
composition),  it  was  elected  to  use  a  method  based  on  the  reactor  feed  and 
product  sample  analyses  normalized  in  regard  to  total  nitrates.  The  accuracy 
of  the  calculations  and  results  obtained  by  this  method  is  strongly  dependent 
on  the  accuracy  of  the  sampling  and  analytical  technique.  However,  with  a 
large  number  of  samples,  definite  trends  indicating  reactor  performance  can 
be  rapidly  developed  with  minimum  data  workup.  A  sample  calculation  utiliz¬ 
ing  this  method  is  shown  in  Table  II-3  in  the  Appendix.  The  results  in 
Tables  II-I  and  II-2  in  Appendix  II  were  obtained  by  these  methods. 


6.  Pilot  Plar.t  Results 


a,  Conclusions 

Although  the  production  attempts  were  hindered  because  of  cata- 
lyst  activity  problems,  a  number  of  the  program  objectives  were  met  and  the 
process  reached  a  higher  level  of  development  in  this  period. 

The  important  results  from  Run  No.  1  and  Run  No.  2  were  the  fol¬ 
lowing: 

(1)  The  U/AN  process  does  indeed  make  GN  of  a  high 
purity. 

(2)  The  workup  of  the  product  melt  (quench,  insolubles 
separation,  crystallization,  centrifugation  and  dry¬ 
ing)  is  very  efficient  in  that  it  cleanses  the  pro¬ 
duct  of  its  operational  history,  i.e.,  it  does  not 
matter  how  the  plant  reactors  are  operated  because 
the  workup  system  controls  the  ultimate  product 
purity. 

(3)  Once  the  plant  is  operating,  the  operation  is  a 
smooth  one.  It  is  recommended  that  the  plant  be 
operated  on  a  continuous  basis.  The  plant  was  oper¬ 
ated  as  an  integrated  unit  as  designed. 

(4)  The  process  concept  has  been  demonstrated  and  the 
selected  process  equipment  has  performed  as  designed. 

(5)  The  operating  performance  of  the  wet  end  of  the  pro¬ 
cess  was  determined;  the  findings  confirm  assumptions 
made  in  the  alternate  GN  process.  (British  Aqueous 
Fusion  Contract  No.  DACA  45  71  C0121) . 

(6)  Approximately  one  ton  of  967.  GN  was  produced. 

(7)  A  50-pound  sample  of  typical  U/AN  process  guanidine 
nitrate  was  sent  to  Cynamid  of  Canada  at  the  request 
of  Picatinny  Arsenal.  The  material  produced  satis¬ 
factory  ni troguanid ine . 

(8)  Thermal  cycling  of  the  catalyst  bed,  improper  drain¬ 
ing  and/or  semicont inuous  flow  through  the  bed  are  all 
undesirable  and  lead  to  bed  attrition  and  ultimately 
force  a  shutdown  due  to  loss  of  flow  through  the 
tubes  involved. 
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(9)  The  catalyst  beds,  if  allowed  to  break  down  as  noted 
in  (8)  above,  become  very  hard  to  drain  and,  on  cool" 
ing,  become  a  solid  mass  which  cannot  be  easily  dumped. 
Tubes  in  this  condition  can,  however,  be  cleaned 
by  use  of  high  pressure  water  jets. 


Most  of  these  results  were  discussed  in  earlier  sections  of  the 
report.  Detailed  discussions  follow  for  the  50-pound  sample  shipment  to 
Cynamid  and  for  the  performance  of  individual  pieces  of  equipment. 


b.  Shipment  of  Guanidine  Nitrate  to  Canada 

Picatinny  Arsenal  had  requested  that  Hercules  Incorporated  ship 
to  Cyanamid  of  Canada  50  pounds  of  typical  U/AN  process  guanidine  nitrate. 
This  was  agreed  upon  and  implemented  on  July  5,  1972.  This  material  was  to 
be  examined  by  Cyanamid  and  converted  in  the  laboratory  to  nitroguanidine  to 
establish  operating  procedures  for  converting  the  40,500  lb  to  be  shipped  at 
the  end  of  Phase  III  and  to  assess  the  chemical  quality  of  the  nitroguanidine 
to  be  made . 


The  guanidine  nitrate  shipped  was  made  in  the  pilot  plant  under 
representative  conditions.  The  material  had  the  following  analyses: 


%  Total 

7.  Dry  Basis 

Guanidine  Nitrate 

97.4 

98.0 

Ammonium  Nitrate 

1.2 

1.2 

Urea 

0.6 

0.6 

Insolubles 

0.3 

0.3 

Moisture 

0.4 

A  50-pound  sample  of  material  from  the  same  lot  was  retained  at 

Kenvil . 


The  above  material  designated  as  X2138-49-1,  was  shipped  as  an 
oxidizer  material  (DOT  Lading  Bill  of  Material)  as  per  the  shipping  reclassi 
fication  made  under  the  contract  modification  DAAA21-71-C-0193  -  P00005, 
dated  June  30,  1972. 

It  was  later  learned  that  this  material  on  conversion  made  very 
acceptable  nit roguanid 1 ne . 


c,  Equipment  Performance 


luring  the  periods  of  smooth  pilot  plant  operation  in  June  and 
July,  the  process  equipment  selected  was  evaluated.  This  section  presents 
discussions  cf  the  performance  of  cercaln  components,  i.e.,  evaporator,  den¬ 
sitometer,  solid  bowl  centrifuge.  GN  centrifuge  and  dryer. 


i  Whitlock  Evaporator  (A-800) 

The  evaporator  design  had  been  based  on  similar  ammonium  ni¬ 
trate/urea  systems,  as  the  falling-film,  air-swept  unit  is  typical  for  AN 
and  urea  concentrators.  Table  58  shows  the  resultant  design  and  experimental 
data . 


TABLE  58 

WHITLOCK  EVAPORATOR  DATA 


Whitlock 

Design 

Prediction 

Typical 
Experimental 
Data(6/14-1 : 

Feed  Rate,  lb /hr. 

175 

200 

Feed  Composition,  7.  AN 

51 

59 

Feed  Temperature,  °F 

68 

Ambient 

Bottoms  Composition,  7.  H2O 

0.5 

0.41 

Bottoms  Temperature,  JF 

266 

259 

Air  Temperature  In.,  °F 

266 

260 

1st  Stage  Temperature,  °F 

331 

331 

2nd  Stage  Temperature,  °F 

2  74 

274 

Since  the  basis  of  the  design  of  the  evaporator  is  a  number  of 
2~inch~diameter  tubes  at  the  above  stage  temperatures,  this  equipment  can 
easily  be  scaled  up  by  Whitlock  and  other  vendors  with  confidence. 


2  Densitometer  (CRC-1) 

The  densitometer  is  used  as  the  composition  analyzer  in  the 
feed  composition  control  system  (CRC-1).  This  control  system  was  found  to 
function  very  well.  Table  59  lists  typical  feed  analyses  and  density  readings 
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TABLE  59 


) 


DENSITIES  OF  VARIOUS  AN/U/GN  MIXTURES 


7. 


Date 

Sample 

U 

AN 

GN 

Density* 

T,  °F 

6/7 

1S-2 

39.8 

57.7 

- 

1.35 

254 

6/8 

1S-1 

28.7 

61.4 

8.0 

1.375 

258 

6/8 

1S-2 

27.3 

62.4 

10.9 

1.37 

255 

6/12 

1S-1 

40.3 

56.6 

- 

1.35 

255 

6/13 

1S-2 

41.5 

54.0 

3.3 

1.35 

262 

6/14 

1S-1 

39.8 

52.9 

6.2 

1.35 

257 

6/14 

13-2 

44.1 

47.7 

8.6 

1.35 

257 

6/15 

1S-1 

28.7 

53.4 

11.8 

1.365 

256 

6/15 

1S-2 

28.2 

53.7 

12.7 

1.365 

258 

6/16 

1S-1 

56.1 

36.9 

3.2 

1.315 

250 

6/21 

1S-1 

43.4 

50.2 

5.5 

1.335 

249 

6/21 

1S-2 

42.6 

50.1 

3.5 

1.335 

250 

6/21 

1S-3 

43.1 

52.7 

4.8 

1.35 

250 

6/21 

1S-4 

36.7 

58.1 

4.2 

1.35 

252 

6/21 

1S-5 

39.3 

55.6 

2.4 

1.35 

250 

6/21 

IS -6 

34.8 

57.3 

6.0 

1.35 

250 

6/22 

1S-1 

45.2 

48.8 

5.8 

1.325 

250 

6/22 

lS-2 

44.9 

48.6 

2.9 

1.325 

250 

6/22 

1S-3 

37.6 

55.3 

5.9 

1.35 

246 

6/22 

1S-4 

32.2 

60.7 

5.6 

1.35 

247 

6/23 

1S-1 

27.0 

61.8 

8.0 

1.37 

249 

6/23 

1S-2 

25.8 

63.3 

7.4 

1.37 

248 

6/23 

1 S-3 

26.5 

61.1 

8.5 

1.37 

250 

6/27 

1S-1 

28.2 

58.6 

10.5 

1.365 

- 

6/27 

1 S-2 

26.7 

60.5 

10.3 

1.37 

- 

6/27 

1  S-3 

25.6 

61.6 

9.7 

1.36 

- 

6/28 

1S-1 

32.0 

57.2 

6 . 6 

1  .35 

- 

6/28 

1  S-3 

28.5 

61.0 

4.9 

1.35 

- 

6/28 

IS -4 

32.7 

5  5.5 

6.7 

1.35 

•• 

6/2  9 

1S-1 

33.2 

57.9 

4 . 6 

1  .35 

- 

6/29 

1  S-2 

34.6 

5  7.5 

3.4 

1.35 

238 

6/29 

1  S-3 

93.2 

62.3 

1.4 

1.35 

250 

*Values  measured  by  densitometer 


In  the  control  system,  the  density  set  point  was  satisfied  as  long  as  the 
Hills-McCanna  blend  pump  (P-101)  operated  well.  The  major  problem  was  plug* 
ged  suction  lines  to  P-101  resulting  from  the  low  flow  rates. 


Although  the  CRC-1  control  system  has  shown  satisfactory  per¬ 
formance,  it  is  apparently  not  an  absolute  process  requirement.  The  set 
point  is  based  on  a  certain  urea  consumption,  but  if  the  reactors  are  not 
performing  to  the  assumed  reactivity,  excess  urea  or  ammonium  nitrate  goes 
through  the  system  and  builds  up  in  the  recycle  inventory.  This  deviation 
plus  variations  in  the  makeup  feed  tank  prevents  fine  control  of  the  feed 
stream,  but  slight  variation  in  the  blended  feed  due  to  use  of  manual  con¬ 
trol  does  not  affect  the  reactor  performance.  It  was  later  demonstrated  that 
suitable  reactor  feed  control  could  be  attained  using  the  Hills-McCanna  feed 
blend  pump  on  manual  control. 

_3  Solid  Bowl  Centrifuge  (S-300) 

The  DeLaval  Solid  Bowl  Centrifuge  used  for  insolubles  separa¬ 
tion  is  a  laboratory  machine.  It  was  selected  because  a  commercial  unit  was 
not  available  for  the  small  flow  rate  required.  It  was  predicted  during  the 
design  phase  that  an  insolubles  formation  rate  much  greater  than  that  de¬ 
signed  for  would  strain  the  capacity  of  the  unit  and  result  in  a  loss  in  ef¬ 
ficiency.  This  did  indeed  happen,  and  the  result  was  a  reduction  in  the  pro¬ 
duct  purity.  For  the  commercial  plant,  obtaining  a  machine  in  the  proper 
size  range  will  be  no  problem  so  the  above  event  will  not  occur. 


The  important  finding  gained  from  using  the  solid  howl  cen¬ 
trifuge  in  the  pilot  plant  is  that  a  solid  bowl  machine  (operating  at  1200- 
1500  g)  does  very  effectively  remove  the  insolubles.  One  set  of  data  in  June 
showed  that  the  insolubles  level  had  been  reduced  1  rom  0.3fT7>  to  0.007,  in  the 
solution  on  one  pass  through  the  separator. 


A  ON  Centrifuge 

As  Tables  5 J  and  5/  show,  the  wet  ON  recovered  1  rum  the  cent  ci 
iuge  contains  in  the  range  oi  107,  to  127.  wat  er  ami  a  tract  Ion  of  a  per  cent  of 
AN  and  U .  These  figures  coincide  with  the  data  used  lor  design.  Mechanically , 
this  cent,  ri  iuge  was  tin.'  most  trouble-  f  roe  unit  in  tin-  pilot  plant.  Except  for 
the  plow  modification  noted  earlier,  this  unit  has  he on  operational  since  being 
Inst  a  lied  . 


5  CN  Dryer  (A -7001 


The  Strong, -Scot  t:  dryer  has  not  yet  been  shown  to  operate  for 
long  period:).  During  June  it  vas  started  uj  on  a  number  of  occasions  with 


2S8 


iwauwm.Hi.  ni*r»Tyw»»  ■l»ry!1!Wn™y^!g: 


^tT'qsF&Brtf’rv  ■^vr^ 


only  limited  success.  Its  major  wsakness  has  been  chat  wet  material  tends 
to  build  up  on  the  shaft  between  the  paddles.  The  resultant  effect  of  this 
is  that  the  dryer  within  1-1/2  to  2  hours  begins  tc  thump  (caused  by  paddles 
hitting  accumulations  of  material  in  the  feed  position  of  the  dryer).  A  num¬ 
ber  of  changes  were  tried  in  an  attempt  to  improve  its  performance.  The  in¬ 
let  feed  funnel  was  coated  with  an  adhesive-backed  Teflon  tape,  cocurrent  air 
was  introduced  at  the  feed  injection  port,  and  dry/wet  blended  feeds  were 
used.  The  result  of  all  these  changes  was  that  the  dryer  could  be  operated 
for  3  to  4  hours  before  material  accumulated  on  the  shaft. 


One  important  parameter  relating  to  the  apparent  gu.  Jine 
nitrate  caking  property  is  the  resultant  angle  of  repose  of  the  dry  product. 
The  dry  product  in  the  recovery  drum  forms  a  cone  wh^se  height  is  3  to  4 
times  its  base  width. 


An  air  heater  was  also  constructed  to  provide  heated  co<,:,r- 
rent  air,  and  the  dryer  hazards  were  reviewed  to  determine  whether  a  higher 
paddle  shaft  speed  could  be  used.  These  modifications  did  not  appreciably 
increase  the  dryer  run  time  so  the  dryer  shaft  was  removed  and  covered  with 
a  nonstick  coating.  Additional  dryer  tests  were  planned  and  conducted  in  the 
Phase  III  extension  program. 
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7.  Single  4-Inch  Tube  Catalyst  Runs 

As  reported  in  the  previous  section,  after  two  attempts  to  operate 
the  pilot  plant  for  guanidine  nitrate  production,  it  became  apparent  that  the 
Houdry  Bead  silica  gel  catalyst  was  losing  its  activity  at  a  rapid  rate. 

Status  meetings  were  held  in  this  period  between  Hercules  and  Pica- 
tinny  Arsenal  personnel  to  review  these  runs  and  to  determine  the  most  logi¬ 
cal  course  of  action.  From  these  meetings,  it  was  elected  to  suspend  GN  pro¬ 
duction  in  the  pilot  plant  and  utilize  the  pilot  plant  facilities  for  about 
3  to  4  weeks  to  conduct  controlled  research  experiments  on  catalyst  life. 

The  program  suggested  for  the  pilot  plant  to  best  aid  in  defining 
the  source  of  the  catalyst  activity  loss  was  to  conduct,  under  carefully  con¬ 
trolled  conditions,  a  series  of  single-tube  continuous  runs  at  mild  reaction 
conditions  (180°C,  2/1  AN/U)  such  that  the  formation  of  the  by-product  am- 
melide  would  be  minimized  and  the  catalyst  would  not  be  initially  shocked. 
Three  runs,  looking  at  three  different  types  of  silica  gel  catalyst,  were 
deemed  necessity.  Since  the  Houdry  heads  were  still  a  development  product 
and  it  appeared  that  its  superior  catalyst  activity  might  i«  evident  only  in 
the  initial  portion  of  a  run,  it  was  believed  that  this  was  the  appropriate 
time  to  look  at  other  suitable  forms  of  silica  gels. 


It  was  decided  to  conduct  single-tube  runs  so  that  there  would  be  no 
flow  distribution  problem  and  so  chat  batch  steps  would  occur  infrequently, 
thereby  allowing  the  operators  to  concentrate  on  the  reaction  step, 


A  five-step  startup  approach  was  used  so  that  tin-  catalyst  would 
not  he  initially  shocked.  These  steps  were  as  listed  in  Table  hO . 


The  three  catalysts  selected  were  the  tu.-'e  most  active  in  Phase  1 
laboratory  catalyst  studies: 

(a)  Houdry  Macroporous  Silica  Beads  (Kxper imental) 

(b)  Mobil  Sorheads  R  (Commercial! 

(c)  Davidson  Grace  ‘39  Silica  Gel  (Commercial) 


Table  t>l  lists  the  pertinent  physical  properties  tor  these  tlirc 


c  a  t:  a 1  y  s  t  ,s  , 


The  three  catalyst  life  pilot  plant  i  ns  Were  initiated  on  August  12, 
1972  und  completed  August  31,  1972.  Figures  V-  <>0,  and  nl  and  Table  h2 ,  hi, 
and  *i4  show  the  data  and  calculations  from  these  runs.  In  t  lie  figures,  pro¬ 
ductivity  (lb  GN/hr/tube)  is  plotted  versus  time  .  i  semilog  paper. 
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TABLE  60 

CATALYST  LIFE  STUDIES  -  START-UP  CONDITIONS 

CONSTANT:  Feed  Mole  Ratio  An/U  =2/1 

Feed  Temperature  110°C  -  120°  C 


Step 

Jacket,  °C 

Run  Deration  (hrs.) 

Comments 

1 

100 

- 

Preheat  dry  packing  to 
150°  C 

2 

100 

4 

Run  and  discard  product 

3 

170 

4 

Run  and  discard  product 

4 

100 

3-4  days  *  until 
recycle  i.-  available) 

Collect  Product 

5 

100 

4-5  days 

Recycle  operation 

.  TV^v 


1  r" 'T  ' 


t  k»*  irr  etmm 
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TABLE  61 


CATALYST  PHYSICAL  PROPERTIES 


Type  Catalysl 

Phys  ieal 
Characteristics 

Houdry  532  CP 
Silica  Beads 

Sorbead 

R 

Grade  59 
Silica  Gel 

Size,  mm, 

4-6 

1-4 

2-7 

Density,  G/cc 
(Packed  Bulk) 

0.4  3 

0.  80 

0.  40 

Pore  Volume, 

cc  /  *2  a. 

0.  60 

0.  34 

1.  15 

Average  Pore 

Diameter,  A° 

60-70 

21 

140 

Surface  Area, 

A I  2/grn 

398 

o.:o 

340 

total  Volatiles, 

"Ii  at  1750°  F 

1.  1 

“ 

5  -  6.5 

Analyses,  '*;>  \V t . 

Si  (tv 

>  99 

97 

Of).  7 

Ai.jO;, 

v  0.  1 

3 

0.  1 

Other 

Mac  ropores 

A!  i  i  i-opo  res 

!M  acropore 

iienrtrr  Charge 

25  ll)S. 

50  ibs. 

25  lbs. 

JO  2 


Zero  time 
or  18Q°C... 


TABLE  62 

HQUDHY  BEAD  CATALYST  LIFE  RUN 
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Increased  temperature  to  195°  C 


The  data  workup  procedure  which  was  used  was  based  solely  on  feed 
and  product  analyses.  These  calculations  are,  of  course,  strongly  aligned 
to  analytical  variations,  but  a  high  frequency  of  samples  has  been  shown  to 
demonstrate  trends. 

a.  Houdry  4mm  Experimental  Silica  Beads  -  Catalyst  Life  Pilot 
Plant  Run  No.  1 


This  run  was  initiated  on  August  12,  1972.  The  major  data  col¬ 
lected  are  summarized  in  Table  62, and  the  productivity  data  are  plotted  in 

Figure  59.  Although  the  data  are  scattered  because  of  sampling  and  analyti¬ 

cal  errors  and  the  method  of  calculation,  a  definite  decaying  trend  can  be 
seen.  Within  five  days,  the  average  tube  productivity  (at  2/1  AN/U  f.  ed 
ratio,  180°C)  was  down  to  ~  157.  of  its  original  value.  This  entire  run  was 
operated  with  virgin  feed  (Hercules  MCW  AN  prills,  Olin  commercial  urea).  It 
was  planned  to  introduce  recycle  feed  after  three  days,  but  the  decaying  pat¬ 
tern  was  already  apparent.  The  catalyst  bed  for  this  run  was  not  thermally 
cycled  at  all  during  the  run.  There  were  some  periods  when  feed  to  the  re¬ 
actor  was  interrupted  by  feed  line  plugging  at  the  low  flow  rate.  The  fol¬ 

lowing  findings  and  conclusions  were  derived  from  this  run: 

(1)  One  of  the  speculated  possible  catalyst  fouling 
theories,  that  of  pores  plugging  with  ammelide, 
had  to  ne  considered  unlikely.  In  the  five  days 
of  operation  at  180°C,  only  a  trace  amount  of 
water  insolubles,  presumed  to  be  ammelide,  was 
collected  (—  0.0017o).  The  theory  that  ammelide 
formation  can  he  all  but  eliminated  at  180°C  and 
an  excess  AN  concentration  has  certainly  been 

ve  r i f ied . 

(2)  Another  -eorv  advanced  to  explain  catalyst  foul¬ 
ing,  that  the  catalyst  is  poisoned  when  its  sur¬ 
face  active  sites  are  lost  because  of  adsorbed 
water  or  trace  amount  of  decomposed  reagents,  ap¬ 
peared  to  be  a  strong  possibility.  The  loss  of 
feed  to  the  tubes  on  a  few  occasions  resulted  in 
feed  cooking  in  the  reactors  for  longer  periods 
and  also  required  more  feed  line  steam-outs  (more 
possible  water  pickup  by  the  feed").  The  gradual 
decay  of  the  productivity  data  in  Figure  59  sug¬ 
gests  a  gradual  loss  of  catalyst  "active"  surface, 

(3)  Tiie  raw  analysis  in  Table  b2  indicates  the  need 
for  refinement  of  the  methods.  Since  virgin  feed 
was  used  during  this  entire  run,  no  guanidine 
nitrate  should  have  been  detected  in  the  feed 
samples.  It  can  be  seen,  however,  that  these 
feed  samples  average  about  27.  GN.  The  sample 
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results  also  show  the  strong  hygroscopic  effects 
of  the  samples.  The  product  from  the  reactor 
cannot  contain  water.  The  results  indicate  that 
they  do.  This  water  is  in  the  sample  but  is 
most  probably  picked  up  during  the  sampling  and 
cooling  period. 

Yields  are  included  in  Table  62.  As  can  be  seen, 
the  calculated  yields  showed  extensive  scatter. 

This  scatter  is  attributed  to  yield  losses  caused 
by  water  in  the  feed  and  by  the  use  of  the  feed 
and  product  analyses  only  in  the  calculation  method. 
A  1  to  27.  urea  analysis  variance,  within  the 
accuracy  of  the  method,  projects  to  a  6-127. 
change  in  the  resultant  yield.  The  yields  were 
calculated  for  academic  reasons  or.J.y.  Actual 
yields  would  have  to  be  calculated  from  a  mater¬ 
ial  balance  run. 

(4)  The  melt  from  the  reactor  during  the  entire  run 
was  waterwhite  in  color.  This  is  the  same  ef¬ 
fect  seen  in  the  Kenvil  bench  scale  column  in 
Phase  I  when  the  ammelide  formation  was  minimal. 

(5)  After  i  catalyst  run  was  completed,  the  bed 
was  drained  of  melt  and  then  the  heat  turned  off. 
When  the  reactor  was  dismantled,  the  beads  were 
very  easily  removed,  indicating  that  preventing 
over- reaction  in  the  beds,  eliminating  thermal 
cycling  and  thorough  draining,  will  facilitate 
easy  catalyst  changing. 

(6)  The  initial  productivity  from  this  run  is  in  line 
with  that  predicted  from  the  computer  program  of 
Phase  I,  A  few  additional  computer  cases  were  run 
this  month.  The  results  are  shown  in  Figures  11-17 
and  II- lb  in  Appendix  II  and  Figure  62.  The  GN  pro¬ 
duction  rates  shown  on  Figure  11-18  (1.80°C  jacket) 
for  a  melt  feed  rate  of  30  Ib/hr  is  3.4  lb/hr. 
Extrapolating  Figure  39  to  zero  time  results  in 

a  GN  production  rate  of  about  2. 6-3.2  Ib/hr. 


b .  Catalyst  Life  Pilot  Plant  Run  No.  2  -  Mobil  Sorbead  R  Desiccant 

Run  No.  2  wa9  initiated  on  August  22  and  terminated  on  August 
27,  1972.  Table  63  and  Figure  60  show  respectively  the  raw  data  aikt  produc¬ 
tivity  curve.  Again  a  decaying  activity  was  apparent,  so  recycle  material 
was  not  introduced.  The  pilot  plant  operated  mechanically  very  well  during 
this  run.  There  was  no  thermal  cycling  on  the  catalyst  bed  and  a  minimal 
amount  of  feed  down-time.  The  first  four  conclusions  that  were  made  for  the 
Houdry  Read  run  apply  to  this  run.  In  addition,  the  following  points  can  be 
made : 

310 


Product  (Wt.  %) 


(1)  The  productivity  curve  in  Figure  60  appears  to 
cycle  in  a  somewhat  downward  trend.  It  is  postu¬ 
lated  that  the  cycling  effect  is  being  caused  by 
two  factors.  One  of  these  factors  is  catalyst 
attrition.  Operating  personnel  noted  catalyst 
fii.es  coming  over  with  the  product  on  the  first 
upward  swing  of  Figure  60  (12  midnight,  8/24), 
Also,  on  shutdown,  approximately  half  of  the  bed 
was  recovered  as  catalyst  fines.  The  second  fac¬ 
tor  for  the  cycling  was  an  operator  error  on  the 
feed  makeup.  A  high  U/AN  fresh  melt  (120  lb 
urea/45  lb  AN)  was  made  up  instead  of  the  re¬ 
verse  during  the  latter  part  of  the  run. 

(2)  The  original  catalyst  bead::  charged  to  the  re¬ 
actor  were  quite  dark.  The  by-product  collected 
ir.  the  solid  bowl  centrifuge  was  extremely  dark 
(dark  brown),  suggesting  an  extraction  of  trace 
impurities  from  the  beads.  The  recovered  beads 
still  were  colored  but  not  as  uark  as  originally. 
This  observation  is  in  line  with  the  Phase  I 
batch  runs  of  a  colored  product  although  the 
pilot  plant  product  melt  appeared  clear, 

(3)  The  original  productivity  was  not  as  high  as  that 
obtained  with  the  Houdry  beads  but  the  decay  rate 
was  lower.  This  might  be  explained  by  the  ef¬ 
fective  catalyst  surface  theory. 


c .  Catalyst  Life  Pilot  Plant  Run  No.  3  -  Davidson  Grace  59  Silica 

Gel 

This  run  (No.  3)  was  initiated  on  August  27  and  terminated  on 
August  30,  1972.  The  major  data  collected  are  summarized  in  Table  64, and  the 
productivity  data  are  plotted  in  Figure  61.  The  decaying  slope  for  this  run 
is  obvious  and  drastic.  After  15  hours,  the  productivity  had  dropped  to  half 
its  original  value.  Again  this  run  was  operated  with  virgin  feed  (no  recycle) 
and  the  bed  was  not  thermally  cycled  at  all.  Feed  to  the  reactor  was  con¬ 
tinuous  at  all  times.  The  first  four  conclusions  made  for  the  Houdry  bead 
run  can  also  he  mr.de  for  this  run.  In  addition: 

(1)  There  is  what  appears  to  be  a  plateau  in  the  pro¬ 
ductivity  curve  of  Figure  61.  This,  can  bo  attri¬ 
buted  to  catalyst  breakup.  On  the  catalyst  dump 
following  tills  run,  a  portion  of  the  siller,  gel 
10-20?,)  was  recovered  as  fines. 
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(2)  One  speculation  of  the  poisoning  mechanism  was 

adsorption  on  the  catalyst  surface  of  a  product, 
by-product,  or  impurity  followed  by  limited  de¬ 
sorption.  Since  the  decay  slopes  of  the  three 
catalyst  study  runs  were  greater  than  experienced 
in  production  Run  No.  2  (Figure  58)  and  since 
these  runs  were  at  180°C,  rather  than  190°-192°C, 
it  was  thought  that  a  temperature  increase  might 
increase  the  desorption  phenomenon  and  result  in  a 
change  of  the  decay  slope.  Since  the  catalyst  activ¬ 
ity  decay  was  apparent  on  8/30/72  and  one  more  oper¬ 
ating  day  was  available,  the  reactor  temperature  was 
increased  to  195°C.  As  can  be  seen  from  the  data  in 
Figure  61,  the  data  are  erratic  and  do  not  suggest 
any  change. 

d .  Catalyst  Study  Runs  -  Interpretation 

One  Initial  interpretation  that  is  apparent  from  the  data  is  the 
correlation  between  initial  catalyst  activity,  pore  diameter  and  rate  of  de¬ 
cay.  The  silica  gel  has  the  highest  initial  activity,  probably  because  its 
pore  diameter  is  by  far  the  largest  and  all  of  the  internal  pore  surfaces  are 
available  for  reaction.  It  loses  its  activity  the  fastest,  which  is  perhaps 
due  to  plugged  pores.  Its  effective  surface  area  then  drops  to  a  small  frac¬ 
tion  of  its  original  value.  The  Houdry  beads  are  next  in  line  in  this  effect 
and  then  the  Sorbeads. 


After  the  three  single-tube  runs  had  been  completed,  a  meeting 
was  held  between  Ficatinny  Arsenal  and  Hercules  personnel  to  review  the  above 
data.  Tt  was  de<  ided  to  curtail  pilot  plant  operations  and  to  further  inves¬ 
tigate  the  chemistry  of  the  process  via  analytical  methods,  literature  sur¬ 
veys,  batch  reactor  experiments,  and  operation  of  a  one -inch  diameter  con¬ 
tinuous  reactor.  These  efforts  are  discussed  in  the  next  section. 


PHASE  III  -  PART  2,  RESOLUTION  OF  CATALYST  POISONING  PROBLEM 


D. 


1.  Summary 

The  previous  section  (Phase  1'II-Part  1)  describes  the  two  series  of 
attempts  to  produce  40,500  pounds  of  guanidine  nitrate.  Since  the  operations 
were  unsuccessful  because  of  catalyst  poisoning  (confirmed  with  single,  4- 
inch-diameter  reactor  runs  with  three  different  types  of  catalysts),  the  pro¬ 
gram  emphasis  was  diverted  from  production  to  process  research.  This  latter 
emphasis  involved  laboratory  reactor  studies,  analytical  research,  literature 
searches,  1-inch-diameter  reactor  studies,  and  pilot  plant  reactor  operations 
related  to  resolving  the  catalyst  poisoning  phenomenon.  In  addition,  some 
work  was  also  performed  to  resolve  the  GN  drying  problem. 


Thin- layer  chromatography  (TLC)  analytical  techniques  were  employed 
to  determine  the  presence  of  impurities  suspected  of  deactivating  the  silica 
gel  type  catalysta.  Samples  of  spent  Houdry  CP-532  macroporous  silica  beads 
removed  from  one  of  the  pilot  plant,  reactors  were  extracted  with  water  and  a 
bast.  Analysis  of  the  resulting  solution  by  TLC  definitely  showed  the  pre¬ 
sence  of  melamine,  ammeline,  ammonium  nitrate  and  urea.  Other  possible  con¬ 
taminants  were  anmelide,  cyanuric  acid  and  biuret.  None  of  these  triazine 
compounds  were  detected  in  pilot  plant  feed  and  reactor  product  samples  by  the 
TLC  method.  A  sample  of  nilot  plant  feed  aged  for  four  days  at  110°C  and  dis¬ 
playing  a  dramatic  loss  of  urea  did  not  exhibit  any  of  the  above  triazines  by 
TLC.  Sa  wples  of  feed  and  product  from  the  GN  pilot  pTant  operations  (when 
employing  Hercules'  MCW  ammonium  nitrate  and  Olin  urea)  were  analyzed  for  ele¬ 
mental  boron  and  phosphates.  The  data  showed  chat  both  elements  were  adsorbed 
initially  onto  Houdry  Silica  Beads  and  Grace  59  Silica  Gel.  Microscopic 
examinations  of  spilt  Houdry  beads  at  magnifications  of  10X  to  75X  showed  no 
obvious  shells  of  insolubles  encasing  the  catalyst  beads. 


Several  one-liter  batch  reaction  experiments  wore  carried  out  a a  a 
part  of  the  catalyst  poisoning  effort.  The  major  results  j’tor.i  these  experi¬ 
ments  were  as  follows:  (a)  Houdry  silica  bends  recovered  irom  the  pilot  plant 
reactors  had  lost  their  activity;  (2)  washing  the  used  Honors'  beads  restored 
part  ui  their  activity  but  at  the  expense  ol  particle  attrition;  (3)  utilisa¬ 
tion  of  Hercules  MCW  ammonium  nitrate  resulted  In  lower  catalyst  performance 
as  compared  to  reagent  grade  AN. 


A  1  -  i  nch-d  iarne  ter  ,  l-it.-tall  down!  low  reactor  was  1  abri  rated  and  in¬ 
stalled  to  investigate  the  catalyst  poisoning  problem.  This  reactm  was  sized 
to  approximate  that,  employed  by  Mac  Kay  of  Pittsburgh  Coke  and  Chemical  Company. 

A  critical  path  experimental  program  was  developed  and  followed.  For  the 
initial  nine  experimental  runs,  Grace  grade  5*>  silica  gel  rataivst  was  employed. 
Ammonium  nitrate  and  urea  of  different  types  and/or  treatnu  it  conditions  were 
employed.  The  result's  of  the  experiments  clearly  demonstrated  that  the  pri¬ 
mary  cause  for  pilot  plant  catalyst  poisoning  was  due  to  t}.»>  presence  of  a 
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crystal  habit  modifier  (Penrclsr.e'' )  incorporated  into  the  Hercules'  MCW  am¬ 
monium  nitrate.  It  was  further  resolved  that  the  actual  poison  was  diammonium 
phosphate. 


Confirmation  of  the  above  1-inch-diameter  reactor  results  was  attempted 
in  the  4-inch-diameter  pilot  plant  reactor  with  Grace  grade  59  silica  gel  and 
additive-free  Hercules'  Donora  AH  plus  Olin  urea.  Four  experiments  were  at¬ 
tempted,  and  in  each  case  high  pressures  developed  in  the  reactor  feed  line. 

In  most  cases,  the  silica  gel  had  at  least  partially  broken  down.  The  physi¬ 
cal  breakdown  was  attributed  to  the  presence  of  water  in  the  feed.  Subsequent 
1-inch-diameter  reactor  and  beaker  experiments  showed  that  both  anhydrous  and 
water-wet  hot  melt  (AN  and  U)  caused  Grace  59  silica  gel  attrition.  This  was 
not  the  case  with  Houdry  silica  beads.  A  nominal  17,  water  in  feed  resulted 
in  poisoning  Grace  59  silica  gel  at  a  mileage  of  13  gm  CN/gm  catalyst,  . 

These  results  decisively  disqualified  Grace  55  silica  gel  catalyst  for  use  in 
packed  bed  tubular  reactors. 


A  338-hour  experimental  run  in  t he  1-inch-  diameter  realtor  with  Momhv 
silica  beads  and  feed  melt  containing  about  17.  by  weight  water  resulted  in  a 
minimum  catalyst  mileage  of  68  gm  GN/gm  catalyst,  ami  558  displacements  ig>n 
feed/gm  catalyst).  The  beads  showed  no  signt.  of  poisoning  or  physical  break¬ 
down. 


A  single,  4- inch-diameter  reactor,  Loaded  with  Houdry  bunds,  wan 
operated  for  five  days  (115  hours  actual  feed  time)  under  conditions  sin.flai 
to  those  for  the  above  1-inch-diaineter  reactor  run,  Operation  of  this  n>n 
(without  recycle)  produced  the  following  results:  (n)  production  rate 
of  9  lb  GN/lir/ tube ,  fb)  38  lb  GN/lb  catalyst  mileage,  (c)  Hi?  urea  i  oiny  i  slim, 
(d)  9 57.  GN  yield,  (e)  987,  overall  weight  material  balance,  (I)  no  evidtiu*  nl 
catalyst,  poisoning,  (g)  retention  of  Houdry  head  physical  characteristics  and 
(h)  very  good  agreement  with  temperature  profile,  conversion,  yield  and  pro¬ 
ductivity  values  predicted  using  the  packed  bed  tubular  reactor  mathematical 
mode  1 . 


The  results  obtained  lrom  the  latter  1-incb-  and  4-1  ncli-d  i  amef  e  r  it- 
actor  experiments  were  comparable  to  those  obtained  by  previous  researchers 
with  virgin  feed. 


Experiments  related  to  diving  water-wet  GN  showed  that  indirect  bested 
and  agitated  dryers  such  as  the  S r roeg-Scot t  and  Lit  lie  ford  units  are  unsatis¬ 
factory.  Tills  type  of  equipment  results  in  the  formation  of  a  GN-water  paste 
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followed  by  evaporation  of  the  water  which  leaves  a  hard  mass  of  GN  adhered 
to  the  dryer  internal  walls.  Direct  heated  drying;  e.g.,  a  jet  zone  Wolverine 
dryer  or  cloth  tags  in  a  forced  air  dry  house,  produces  a  satisfactorily  dried 
material. 


2 .  Approach 

Preceding  sections  entitled  "Phase  I,"  "Phase  II,"  and  "Phase  III" 
presented  discussions  detailing  laboratory  studies  relative  to  reaction  kine¬ 
tics,  catalyst  evaluations,  GN  purification,  etc.;  mathematical  modeling;  pro¬ 
cess  economics;  and  pilot  plant  operations.  The  major  problem  encountered  at 
that  time  was  a  rapid  catalyst  activity  decay  in  terms  of  productivity  (lb 
GN/hr)  and  catalyst  mileage  (lb  GN/lb  catalyst).  Productivity  and  mileage 
results  were  such  that  continued  operation  of  the  pilot  plant  for  GN  produc¬ 
tion  was  not  justified.  Furthermore,  no  conclusive  recommendations  could  be 
made  regarding  the  design  of  a  full-scale  production  plant.  Consequently, 
the  program  emphasis  was  directed  towards  resolving  the  catalyst  deactivation 
problem.  This  program  redirection  consisted  of  additional  laboratory  batch 
reactor  experiments,  analytical  scouting  experiments,  literature  searches, 
and  scouting  plus  demonstration  runs  in  both  a  1-inch-diameter  downflow  re¬ 
actor  and  a  4-inch-diameter  pilot  plant  reactor.  Miscellaneous  activities 
consisted  of  guanidine  nitrate  drying  and  catalyst  supplies.  The  results  of 
these  efforts  are  discussed  in  the  following  sections. 


3 .  Cata lyst  Poison  Scouting  -  Analytical  Methods 

To  assist  in  solving  the  catalyst  deactivation  problems  encountered 
in  the  pilot  plant,  the  analytical  group  at  the  Research  Center  initiated  a 
search  for  a  method  to  identify  trace  impurities  present  in  the  Kenvil  pilot 
plant  feed,  product  and  catalyst  samples.  The  compounds  considered  likely  as 
the  poisoning  impurities  were  biuret,  melamine,  nmmeline  and  c.yanuric  acid. 


The  compounds  referred  to  above  and  those  extracted  by  water  and 
base  from  beads  supplied  from  the  pilot  plant  were  compared  by  thin  layer 
chromatography  (TLC).  The  best  chromatographic  system  found  consisted  of 
Cellulose  MN  300  plates  and  a  methanol  ammonia  developing  solvent.  By  this 
method  it  was  shown  that  melamine,  ammeiine,  AN  and  urea  were  present  in  the 
extracts  from  used  pi  lot  plant  Houdry  beads  and  possibly  ammelide,  eysnuric 
acid  and  biuret. 


Analytical  studies  of  contaminants  b'«l  by-products  in  the  Kenvil 
pilot  plant  reactor  feed  and  product  streams  were  performed. 

Several  samples  of  re.Tfor  feed  taker,  at  12-hour  intervals  (AN  and  ll) 
from  a  single  4- inch  reactor  run  were  analyzed  by  the  TLC  method  (cellulose 
MN  300  plates  and  a  methanol/ ammonia  developing  system).  Comparison  of  the 


feed  samples  with  control  samples  containing  1%  add-backs  of  melamine,  nmme- 
lide,  ammeline,  cyanuric  acid  and  Liuret  showed  that  these  compounds  were  not 
present  at  the  17,  by  weignt  level  and  probably  not  even  at  the  0.5%  level. 


Selected  Kenvil  aged  samples  cf  AN  and  U  (2/1  molar  ratio)  shown  in 
Table  65  were  analyzed  by  the  TLC  method  for  possible  contamination  with  tria- 
zine  compounds.  The  samples  analyzed  are  listed  below: 


Aged  AN/U  Feed  Samples  Analyzed  by  TLC 


Sample  Designation 


Hours  Aged  @  110°C 


X2 130-77-1 

3 

X2  130-77-3 

7 

X2 130-77-5 

25 

X2 130- 77—7 

31 

X2 130- 77-9 

96 

The  above  individual  samples  were  put  into  solution  and  spotted  onto 
a  250-micron  cellulose  MN  300  TLC  plate  which  was  developed  in  a  solution  of 
methanol  and  3N  ammonia  (60:75  ratio).  Standard  solutions  of  cyanuric  acid, 
melamine,  ammelide,  ammeline  and  biuret  were  also  spotted  on  the  same  plate. 
Alter  the  plate  was  developed  and  dried  in  an  oven  for  a  few  minutes,  a  silver 
nitrate/ammonia  spray  was  used  to  reveal  the  chromatogram.  The  mentioned 
triazines,  w  Ich  are  detectable  by  this  method  at  the  100  ppm  level,  were  not 
found  in  the  aged  teed  samples.  Biuret  also  was  not  detected  at  this  level. 
Two  ocher  sptay  reagents  (dimethylamino  benzaldehyde  and  Sakaguchi  reagent) 
which  are  suggested  in  the  literature  for  use  with  biuret  were  also  tested 
with  no  success  up  to  what  would  he  equivalent  to  0.3%  biuret  in  the  feed 
samples.  Efforts  were  made  to  detect  biuret  with  another  chromatographic  sys¬ 
tem  which  consisted  of  an  acidic  developing  solvent  -  silica  gel  TIC  plates 
but  with  no  success. 


Feed  and  product  melt  samples  from  a  single  4-in . -di ameter  reactor 
run  wic'n  Grace  59  silica  gel  c,  alyst  were  analyzed  by  TLC.  The  samples 
covered  the  time  span  from  12:00  noon,  August  27  through  8:30  a.m. ,  August  30. 
There  was  no  evidence  of  cyanuric  acid,  melamine,  ammeline  or  ammelide  in  any 
of  the  samples  at  the  100  ppm  level. 


Sodium  hydroxide  extracts  of  used  lioudry  beads  and  Grace  59  silica 
gel  cnta'vsts  were  spotted  on  cellulose  MN  300  TLC  plates  along  with  the  above 
noted  triazine  compounds  as  well  as  boric  acid  and  d i ammonium  hydrogen  phos¬ 
phate  (DAP'i.  While  melamine  was  found  in  both  extracts,  the  Grace  59  silica 
gel  contained  less  than  the  Houdiy  beads.  Since  rite  Rf  values  for  cyanuric 
acid  and  ammeline  are  almost  the  same,  it  is  difficult  to  distinguish  between 
the  two.  However,  it  did  appear  that  one  or  hot!-,  of  these  compounds  had  been 
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TABLE  65 


STORAGE  OF 

HERCULES  1 

MCW  AN  AM) 

OLIN  UREA  AT 

110°C 

ample 

Storage 

Analysis 

(Vvt.  %) 

■  [2130-77- 

Time 

(Hours) 

U 

AN 

GN  (i) 

Notes 

- 

9:00  AM 

9-14-72 

0 

25.0 

75.  0 

- 

Solids 

-1 

12  Noon 

f  i 

3 

20.  0 

77. 4 

4.2 

Melt  * 

-2 

2:00  PM 

it 

5 

22.  8 

76.  5 

3.4 

If 

_  o 
o 

3:55  PM 

n 

7 

18.2 

7a.  5 

3.  0 

1 1 

-4 

8.00  AM 

9-15-72 

23 

19.  6 

77.6 

1.  5 

f  f 

-5 

10:00  AM 

If 

25 

21.6 

75.  6 

2.0 

ft 

-G 

1:00  PM 

It 

28 

20.  7 

76.4 

2.2 

ft 

-7 

4:00  PM 

If 

31 

18.  4 

78.  4 

2.  8 

ft 

-8 

8:30  AM 

9-  ,18-72 

9G 

10.  7 

87 . 4 

2.0 

II 

-9 

8:30  AM 

» r 

96 

9.6 

87.6 

2.  7 

f  f 

(1)  Nitrates  not  attributed  to  AN  (direct  titration)  calculated  as  GN 


•  U-J)  by  K  P  ranged  between  .  05%  -  .  20% 
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extracted  from  both  catalysts.  DAP  did  not  appear  as  a  spot  but  as  &  broad 
streak  on  cellulose  MN  300  plates  when  methanol/NH3  was  used  as  developing 
agents.  Both  extracts  contained  a  material  which  streaked  la  the  same  manner 
and,  therefore,  could  be  presumed  to  he  DAP.  Boric  acid  was  not  detected. 


As  noted  previously,  it  was  learned  that  Hercules’  MCW  ammonium  ni¬ 
trate  (used  in  pilot  plant  operations)  contained  boric  acid,  diammonium  phos¬ 
phate  and  dinnmonium  sulfate.  Samples  of  Kenvil  piio ■:  plant  reactor  I'tod  and 
product  melt  streams  were  analysed  for  elemental  boron  and  phusphorous  to  de¬ 
termine  if  these  materials  were  adso-bnd  by  the  silica  qel  catal  st.  Data 
from  two  sets  of  samples  are  presented  in  Table  66.  These  result.,  show  that 
initially  both  boron  and  phosphorous  sre  adsorbed  onto  the  catalyst.  Appar¬ 
ently,  the  catalyst  becomes  saturated  as  a  function  of  time  and  than  the  con¬ 
centration  of  boron  and  phosphorous  in  the  effluent  approximates  that  in  the 
feed  stream. 


TABLE  66 

ANALYSIS  OF  4 -INCH -DIAMETER  REACTOR  FEED  AND  PRODUCT 
SAMPLES  FOR  BORON  AND  PHOSPHOROUS 


1 .  Houdry  Bead  Single  Tube  Run 


Sample 

Kenvil  No. 

Date  (1972)  &  Time 

T.  (PPm) 

B  (ppm) 

Feed 

1S-1 

8/12,  1:30  P.M. 

290 

100 

Product 

28-1 

vS/12;  1:30  P.M. 

6 

20 

Feed 

IS  -4 

8/17;  2:00  P.M. 

300 

80 

Product 

2  S  -  4 

8/17;  2:00  P.M. 

170 

200 

2 •  Silica  Gel  S ingle  Tube  Run 


Feed 

IS -3 

8/2  7; 

12:00  P.M. 

420 

140 

Product 

2S-3 

8/2  7; 

12:00  P.M. 

12 

30 

Feed 

IS -2 

8/28; 

8:00  A.M. 

490 

150 

Produ.c  t 

2S-2 

8/28; 

8:00  A.M. 

7 

50 

Feed 

1S-3 

8/30; 

8:00  A . h . 

420 

140 

Product 

2S-3 

8/30; 

8:00  A.M. 

t'ir» 

/  -JU 

100 

4 . 

Catalyst 

Poison  Scoutin 

g  -  Batch  Reactor 

Fxner  intents 

The  overall  objective  of  the  ffort  conducted  at  the 

Chemical  En¬ 

gl nee ring 

Pi  v i s ion 

at  the  Research  Center  was  to  \ 

>elp  re:  'lve 

tire  catalyst  de 

activation  that  arose  during  the 

operation  of  the 

pilot  plant. 

Specific  oh- 

jeccives 

for  this 

effort  were  as 

follows: 

(a)  Verify  in  a  laboratory-hatch  experiment  that,  the  dry 
catalyst  used  in  the  pilot  pl^nt  reactor  had  lost  its 
activi ty. 


$  i  \t 


(b)  Determine  if  the  spent  catalysts  can  be  reactivated 
by  washing. 

(c)  Check  out  the  initial  activity  of  Mobil  Sorbead  R  and 
Grace  grade  59  silica  gel  for  support  of  pilot  plant 
runs. 

(d)  Explore  whether  or  not  the  grades  of  AN  and  urea  ac¬ 
tually  used  in  the  pilot  plant  contribute  to  catalyst 
poisoning. 

(e)  Measure  the  solubility  in  reaction  melt  of  the  water 
insolubles  from  the  solid  bowl  centrifuge. 

(f)  Examine  spent  Houdry  beads  microscopically  for  clues 
to  deactivation. 


The  reactor  was  a  1-liter  glass  resin  kettle  fitted  with  a  5-port  lid. 
The  reactor  was  supported  in  a  controlled  temperature,  silicone  oil  bath  and 
stirred  at  ~  60  rpm  by  a  9ingle-blade  agitator.  Off-gases  were  condensed  in 
a  series  of  dry  ice  traps.  Reaction  liquid  samples  were  taken  by  drawing  re¬ 
action  melt  by  vacuum  into  a  glass  tube  with  a  tapered  tip.  The  procedure  for 
h  typical  batch  run  was  as  follows: 

(a)  Preheat  the  oil  bath  to  about  5-10°C  above  the  desired 
reaction  temperature. 

(b)  Charge  solid  urea  and  ammonium  nitrate  (usually  re¬ 
agent  grade)  to  the  reaction  kettle. 

(c)  Melt  the  solids  and  heat  to  5- 10°C  above  the  reaction 
temperature. 

(d)  Heat  the  catalyst  to  190°C  (30-45  minutes)  and  add  to 
the  reaction  vessel.  (Start  the  reaction  time  clock.) 

(e)  On  addition  of  the  catalyst,  the  reaction  temperature 
drops  to  the  desired  level.  The  temperature  is  con¬ 
trolled  with  an  oil  bath  thermostat. 

(f)  Take  liquid  samples  several  times  during  the  run. 


The  reaction  camples  were  analyzed  for  urea  by  the  urease  method,  for 
AN  by  the  formaldehyde  precipitation  method, and  for  GN  by  difference  between 
total  nitrate  by  UV  and  ammonium  nitrate.  GN  yield  and  urea  conversion  were 
calculated  as  outlined  in  Phase  I.  The  yield  was  based  on  urea  reacted  and 
the  assumption  that  all  the  ammonium  nitrate  goes  to  guanidine  nitrate. 
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Table  67  summarizes  the  batch  runs  made  to  check  activity  of  used 
Kenvil  catalyst,  etc.  Table  III-l  in  Appendix  III  gives  the  detailed  data  for 
these  runs.  Runs  42  and  43  were  made  to  check  out  the  equipment  and  confirm 
that  the  results  were  consistent  with  Phase  I,  Runs  30  and  31.  The  GN  yields 
and  urea  conversions  from  these  180°C  and  190°C  Houdry  bead  runs  were  compar¬ 
able  with  these  parameters  for  Runs  42  and  43  made  at  the  same  conditions. 


Runs  44  and  45  were  made  to  confirm  that  the  Houdry  catalysts  from 
a  pilot  plant  run  had  lost  activity. 


Because  the  used  beads  contained  quantities  of  reaction  mixture,  the 
catalyst  charge  to  a  batch  run  was  made  on  a  volumetric  basis.  About  335  ml 
of  used  beads  were  charged;  this  represents  a  volume  of  153  gm  of  new  beads. 
Since  the  composition  of  the  182  gm  of  Kenvil  reaction  mixture  in  the  used 
beads  was  unknown,  the  amount  of  GN  produced  was  baaed  on  assuming  one  mole 
of  GN  was  made  for  each  mole  of  ammonium  carbamate  recovered.  Catalyst  mile¬ 
ages  (gm  GN/gm  catalyst)  were  then  calculated  and  compared  to  results  from  a 
fresh  bead  run.  The  mileages  from  Runs  44  and  45  were  0.17  and  0.10  compared 
with  0.73  and  0.76  obtained  with  new  beads. 


After  establishing  that  ueed  Houdry  beads  had  been  deactivated,  at¬ 
tempts  were  made  to  regenerate  the  catalyst  using  aqueous  washes.  Run  46  was 
made  with  a  cold  water-washed  sample  of  the  same  beads  as  used  in  Run  44. 

The  washed  beads  had  a  mileage  of  0.31  gm  GN/gm  catalyst  but  the  GN  yield  and 
urea  conversion  were  lower  than  those  in  Run  42.  Runs  50  and  51  were  m..de  to 
determine  if  Na2C03  or  KOH  washes  improved  the  activity  of  beads  relative  to 
the  activity  of  untreated  beads  from  Run  48.  The  resulLs  were  similar  to 
those  obtained  with  straight  water  washing. 


In  all  cases  the  aqueous  washes  seriously  reduced  the  size  of  the 
beads.  For  this  reason  and  the  high  costs  of  regenerating  a  $2/lb  catalyst, 
it  was  felt  an  aqueous  regeneration  scheme  would  not  be  practical. 


Run  47  was  made  to  verify  Run  15  made  in  Phase  I  at  190°C.  The  two 
runs  were  comparable.  Run  49  was  a  Sorbead  run  at  180°C,  made  to  provide  a 
comparison  for  de-n  il  pilot  plant  results.  The  yield  for  Run  49  (180°C)  was 
higher  than  for  Rut  47  (19GOC),  but  the  latter  run  at  190°C  had  double  the 
productivity. 


A  total  of  six  additional  batch  reactor  experiments  were  carried  out 
to  determine  the  effects  of  commercial  grades  of  AN  and  U  used  in  the  pilot 
plant  operations  on  yield  and  conversion.  The  runs  made  are  summarized  in 
Table  68,  and  the  detailed  data  are  presented  in  Table  I T I - 2  of  Appendix  Ill. 
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TABLE  67 


SUMMARY  OF  KENVIL  CATALYST  PROBLEM  STUDIES 
(Stirred  Batch  Experiments  with  2/2/1  AN/U/Cat) 


lun 

Jo. 

RXN 

Temp. 

°C. 

Catalyst  Used 

Run 

Time 

Min. 

Urea 

Conv, 

% 

GN 

.  Yield 

% 

Molar 
Ratio  of 
Carbamate 
to  GN 

Wt.  GN 
Wt.  Cat, 

42 

New  Kenvil  Houdry 

62 

67.  3 

90.  7 

0.  93 

0.  73 

190 

(New  Houdry) 

(6D 

(72.9) 

(87.  8) 

(0.  94) 

(  0.  76) 

43 

180 

New  Kenvil  Houdry 

46 

40.  5 

81.  7 

- 

0.  41 

(31) 

180 

(New  Houdry) 

(47) 

(  37. 3) 

(60.  7) 

- 

(  0.  49) 

44 

190 

Used  Houdry  (Top  R-200) 

69 

- 

1.  0* 

0.  17 

(  ’■ 

"Assumed  this  ratio) 

45 

190 

Used  Hcudry  (Top  R-201) 

150 

- 

- 

1.  0* 

0.  10 

46 

190 

Water  Washed(Top  R200) 

61 

49.  0 

52.  0 

1.  1 

0.  31 

48 

190 

Used  Houdry(Top  Rxs 

61 

- 

- 

1.  0  * 

0.  15 

50 

190 

Hot  Na2CCj5%) 

Washed  from  Top  Rxs 

62 

44.  0 

47.  0 

1.  1 

0.  36 

51 

190 

Hot  Ale.  -KOH 

Washed  from  Top  Rxs 

61 

48.  0 

68.  0 

0.  7  9 

0.  35 

47 

190 

New  Sorbead  R 

61 

65.  1 

65.  4 

1.  2  8 

0.  51 

(15) 

190 

(New  Sorbead  R) 

60 

58.  8 

,67.  4 

1.  1 

- 

40 

180 

New  Sorbead  R 

136 

66.  0 

71.0 

1.  14 

0.  56 
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TABLE  68 


SUMMARY  OF  GRACE  59  SILICA  GEL  RUNS 
(Stirred  Batch  Experiments  with  2/2/0.85  Molar  Ratio  AN/U/SG  at  190°C) 


Run 

No. 

Feed  Materials 

AN  Urea 

GN 

Yield 

(%) 

Urea 

Conv. 

<%) 

Molar  Ratio 
of 

Carbumae 

to  GN 

Wt.  GN 
Wt.  S  C» 

RXN 
Time 
(Min.  ) 

52 

Reagent 

Reagent 

72.  7 

65.  1 

.  566 

61 

87.  5 

85.  8 

.  809 

1.  84 

264  * 

53 

Heat  Aged 

Heat  Aged  60.  4 

70.  2 

.  507 

61 

MCW 

Olin 

MCW 

Olin 

57.  0 

62,  2 

1.0:1 

.  847 

143 

54 

MCW 

Olin 

37.  1 

58.  8 

2.23 

.  521 

12  0.  7 

55 

MCW 

Olin 

67.  1 

63.  5 

1.  02 

121.  0 

77.  4 

73.  8 

1.04 

1.  37 

173.  8 

56 

Reagent 

Olin 

53.  1 

52.  9 

.  623 

60 .  1 

78.  5 

69.  2 

1.  30 

120.  2 

86.  1 

77.  8 

.  •  •  2 ; 1 

1.  60 

180.  6 

57 

MCW 

Olin 

57.  8 

44.  *> 

.  616 

60.4 

70.  2 

61.  8 

1.  04 

120.  3 

75.  3 

74.  8 

1.  14 

1.  34 

180.  5 

^Second  increment  of  AN  &  U  (240  g  &  ICO  ft,  respectively)  added  to  catalyst 
after  120  minute  reaction  time. 


Sinco  a  decision  had  been  made  to  perform  1- inch-diameter  down-flow  reactor 
experiments  (discussed  in  a  later  section)  at  Kenvil  with  Grace  59  silica  gel 
catalyst.  Run  52  was  made  to  check  Phase  I  results  with  this  catalyst  using 
reagent  grades  AN  and  U.  Results  from  Run  52  duplicated  those  obtained  for 
the  previous  Run  18.  In  Run  52  it  was  noticed  that  the  standard  2/2/ 1.7  charge 
of  urea,  AN  and  SG  did  not  adequately  wet  the  Grace  59  catalyst.  After  two 
hours  of  reaction  time,  240  gm  AN  and  160  gm  urea  were  added  to  the  reaction 
flask.  About  25  minutes  was  required  for  the  temperature  to  recover  to  190°C. 
Yield  and  conversion  data  were  then  taken  for  another  100  minutes.  Extra 
charge  weights  were  used  in  subsequent  experiments. 


Run  53  was  a  duplicate  of  Run  52  made  to  show  the  effect  of  Olin  urea 
and  MCW  grade  AN  heat  aged  at  130°C  for  8  hours  followed  by  similar  materials 
without  aging.  The  aged  material  was  the  first  feed  added  to  the  reactor. 

The  GN  yield  after  one  hour  was  60%  in  Run  53  compared  with  73%  in  Run  52. 

As  expected,  the  urea  conversion  was  higher  in  Run  53  and  as  a  result,  the 
catalyst  mileages  for  the  first  hour  were  about  the  same.  However,  in  the 
second  part  of  Run  53,  where  fresh  MCW  grade  AN  and  Olin  urea  were  added  to 
the  reactor,  GN  yield  and  urea  conversion  values  were  clearly  lower  than  those 
in  Run  52.  These  data  indicated  that  aging  MCW  grade  AN  in  combination  with 
Olin  urea  had  a  detrimental  effect  on  catalyst  performance. 


Runs  54  and  55  were  duplicate  experiments  made  with  commercial  feeds 
fiom  the  Kenvil  pilot  plant  operation.  The  molar  feed  ratios  in  these  runs 
were  2/2/0.85  of  AN/U/SG.  The  purpose  of  the  runs  was  to  give  the  Grace  59 
silica  gel,  which  was  poisoned  the  fastest  at  Kenvil,  increased  exposure  to 
Kenvil  feeds.  It  was  thought  that  additives  to  the  MCW  AN  might  be  causing 
lower  yields  than  those  obtained  with  reagent  grade  AN  and  ureas.  The  low 
yield  obtained  in  Run  54  was  attributed  to  inaccurate  analytical  results.  The 
results  from  Run  55  were  similar  to  those  obtained  in  Run  52  but  not  compar¬ 
able  because  all  of  the*  urea  and  AN  was  not  charged  initially  in  Run  52.  Based 
on  the  yield  in  Run  55  alone,  it  was  not  possible  to  say  that  the  Kenvil  feed 
stock  (MCW  AN  and  Olin  U)  gives  lower  yields  and  mileages  than  reagent  grade 
feeds. 


Runs  56  and  57  were  designed  to  help  pinpoint  the  poisons  which  de¬ 
activated  the  Kenvil  pilot  plant  catalysts.  Run  56  was  Identical  to  Run  55 
or  57  except  that  reagent  grade  AN  was  used  instead  of  the  MCW  material. 

Rune  55  and  57  are  duplicates  made  with  Kenvil  raw  materials,  MCW  ammonium 
nitrate  and  Olin  urea.  The  GN  yield  after  about  3  hours  in  Run  56  was  86% 
compared  with  77.4%  in  Run  55  and  75.3%  in  Run  57.  The  mileage  in  Run  56  was 
1.60  gm  GN/gm  SG  compared  with  1.37  and  1.34  in  Runs  55  and  57,  respectively. 
These  results  suggest  that  MCW  grade  AN  with  its  additives  causes  the  catalyst 
to  start  losing  activity  in  about  2  hours. 


324 


The  two  minor  objectives  of  the  laboratory  work  were  to  obtain  the 
"insolubles"  solubility  in  the  reactor  melt  and  to  microscopically  examine 
the  poisoned  Houdry  beads  removed  from  the  pilot  plant  reactors.  The  results 
of  these  efforts  are  discussed  below. 


Solids  (water  insolubles)  from  the  Kenvil  solid  bowl  centrifuge  were 
washed,  filtered  and  dried  overnight  at  80°C.  The  solubility  of  these  solids 
in  simulated  reaction  melt  at  180°C  was  measured.  About  0. 12  gm  of  insolubles 
dissolved  in  100  gm  of  melt.  It  is  not  clear  whether  the  heat  treating  re¬ 
sultant  from  drying  this  cake  overnight  at  80oc  altered  the  structure  of  the 
insolubles. 


To  determine  if  the  pores  of  Houdry  catalyst  beads  were  plugged  by 
Insolubles,  several  lots  of  used  beads  were  examined  at  magnifications  of  10X 
to  75X.  No  obvious  shell  of  insolubles  was  observed  encasing  the  catalyst 
beads.  In  general,  cross-sections  of  the  beads  appeared  uniform,  like  a 
granular  solid. 


The  above  laboratory  experiments  can  be  summarized  as  follows: 

(a)  Two  reactions  were  performed  with  Houdry  beads  at 
temperatures  of  180°C  and  190°C  to  establish  a  base 
line.  The  resulting  GN  yield  and  urea  conversion 
values  were  consistent  with  those  o’  .o'ned  during 
Phase  I  of  this  program  when  reagent  grade  feed  mater¬ 
ials  were  used. 

(b)  Catalyst  mileage  (gm  GN/gm  catalyst)  was  significantly 
lower  with  used  Houdry  beads  from  the  Kenvil  pilot 
plant  reactor  than  with  fresh  Houdry  bead  catalyst. 

(c)  Regeneration  of  used  Houdry  bead  catalyst  via  cold 
water  and  either  aqueous  N82C03  or  KOH  washes  restored 
part  of  the  activity  but  not  sufficiently  to  jus¬ 
tify  regeneration  as  a  standard  practice.  Washing 
also  resulted  in  a  serious  size  reduction  of  the  beads. 

(d)  The  results  obtained  with  Mobil  Sorbeads  were  simi¬ 
lar  to  those  in  Phase  I.  Operation  of  tne  reaction 
at  180°C  compared  to  that  at  190°C  resulted  in  a  re¬ 
duced  productivity  and  a  higher  GN  yield. 

(e)  The  results  obtained  with  Grace  b9  silica  gel  were 
similar  to  those  in  Phase  I. 


(f)  Low'-r  conversions  and  yields  were  demonstrated  -when 
Hercules  MCW  AN  and  Olin  urea  were  used  compared  to 
reagent  grade  AN  and  Olin  urea. 

(g)  Solubility  of  water  insolubles  (obtained  by  washing 
residue  removed  from  the  Kenvil  solid  bowl  centri¬ 
fuge)  was  0. 12  gm  per  100  gm  of  melt  at  180°C. 


5.  Catalyst  Poison  Scouting  -  One-Inch  Diameter  Downflow  Column 

The  objectives  of  this  effort  were  as  follows: 

(a)  To  design,  fabricate  and  install  a  1  inch  diameter  x 
2  ft  long  tubular  reactor  for  continuous  downflow 
operation. 

(b)  To  operate  the  reactor  continuously  to  "bridge  the 
gap"  between  Hercules'  4-inch-diameter  reactor  runs 
and  work  performed  by  MscKay  (Pittsburgh  Coke  and 
Chemical  Company,  1956) (4)  in  a  1  inch  diameter  x 

2  foot  long  column  operated  intermittently. 

(c)  To  operate  the  1- inch-diameter  reactcr  with  differ¬ 
ent  typer  of  feed  (AN  and  11)  in  an  attempt  to  pin¬ 
point  the  catalyst  decay  problem. 

i 

A  1  inch  diameter  x  3  ft  deep  tubular  reactor  was  designed,  fabri¬ 
cated  and  installed  in  the  Kenvil  GN  pilot  plant.  The  jacketed  304  stainless 
steel  reectcr,  shown  in  Figure  63, was  equipped  with  a  heated  dropping  feed 
funnel,  an  off-gas  vent  system  ana  a  bottom  product  collection  system.  Feed, 
a  weighed  blenn  of  AN  and  U,  was  melted  on  a  hot  plate  and  then  held  at  about 
130°C  in  a  sand  bath  until  used.  Hold  time  of  feed  nelt  averaged  me-half 
hour  except  for  special  experiments  in  which  it  was  held  for  an  ex  ended  per¬ 
iod  of  time  to  assess  the  effect  of  not  storage  on  yield,  catalyst  life,  etc. 


The  unit  was  installed  to  simulate  work  performed  by  MacKay  of  Pitts¬ 
burgh  Coke  and  Chemical;  however,  the  equipment  and  operation  differ  in  the 
following  respects:  (a)  the  Hercules/Kenvi 1  reactor  was  304  stainless  steel 
rather  than  glass,  (b)  off-gas  from  the  Hercules  reactor  was  not  recovered, 

(c)  the  Hercules  experiments  did  not  utilize  recycled  AN  and  U,  and  (d)  the 
Hercules  reactor  bed  depth  was  36  inches  vs  24  inches  for  the  MacKay  reactor 
due  to  the  use  of  a  lower  density  silica  gel  (Grace  25  -  25  ib/ft^  vs  45  lb/ 
ft l  for  the  MacKay  silica  gel). 


The  Lower  density  Grace  59  silica  geL  was  selected  instead  of  a  higher 
density  catalyst,  such  as  Houdry  beads,  Mobil  Sorbeada  or  Grace  40  silica  gel 
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because:  (a)  the  poisoning  effect  of  Grace  59  silica  gel  was  more  pronounced 

when  compared  with  Houdry  beads  or  Mobil  5orbeads  in  the  4-inch-diameter  single¬ 
tube  runs,  (b)  Grace  59  silica  gel  does  not  exhibit  the  decrepitating  character¬ 
istics  of  Grace  40,  and  (c)  Grace  59  silica  gel  was  a  likely  catalyst  candidate 
for  a  future  production  run.  One  of  MacKay's  major  problems  was  attrition  of  silica 
gel  which  formed  a  layer  of  fine  catalyst  at  the  top  of  the  bed  and  created 
downflow  problems  and  nonreproducible  operations.  The  Hercules'  1-inch-dia¬ 
meter  operation  was  similar  to  that  of  MacKay's  in  thst  it  employed  down-flow 
feed,  reagent  grade  AN  and  U  with  minimum  melt  hold  time,  similar  feed  rate, 

2/1  -  AN/U  molar  feed  ratio  and  190-195°C  reactor  temperature. 


A  critical  path  program  in  which  each  subsequent  run  is  based  on  the 
results  of  a  preceding  run  is  presented  in  Figure  64.  Table  69  is  used  in 
conjunction  with  Figure  64  to  denote  the  types  of  materials  associated  with 
the  individual  runs  (e.g..  A,  B,  etc.).  As  an  example,  the  initial  run  (A) 
wae  designed  to  employ  both  reagent  grade  AN  and  U,  and  its  primary  purpose 
was  to  duplicate  MacKay's  results  in  terms  of  displacements  (total  gm  feed 
per  gm  catalyst)  and  catalyst  life  (60  hr).  If  the  catalyst  were  to  be  deac¬ 
tivated  rapidly,  the  process  conditions  would  be  changed.  If  catalyst  acti¬ 
vity  were  maintained,  then  Run  B  would  be  conducted,  etc.  The  nominal  length 
of  an  experiment  was  80-85  hours  unless  there  was  an  earlier  sign  of  catalyst 
decay.  Catalyst  activity  was  based  on  productivity  (gm  GN/minute)  as  calcu¬ 
lated  from  feed  makeup  and  actual  analysis  of  the  product  melt.  Calculations 
utilized  the  nitrate  conservation  technique  described  earlier.  It:  should  be 
noted  that  the  primary  objectives  of  the  1-inch-diameter  reactor  work  were  to 
demonstrate  catalyst,  life  and  to  explore  potential  variables  that  lead  to 
catalyst  poisoning. 


Nine  tuns  were  completed  in  the  1-inch-di.ameter  reactor;  however, 
departure  wae  made  from  the  critical  path  shown  in  Figure  64.  The  actual  runs 
made  are  shown  in  Figure  65  and  the  results  are  summarized  in  Table  70. 


In  summary, _ i_t  woa  demons t rated  that  both  Perma I ene  additives  in 

Hercules'  MCW  ammonium  nitrate  (AN)  and  diantnonlnm  phosphate  pos c-addetf  to 
reagent  grade  AN  !iad_  a  pronounced  effect  on  the  deactivation  of  Grace  59 
silica  gel.  Other  variables  investigated  and  their  results  are  summarised 
be  low: 


(a)  A  61-hour  run  made  with  reagent  grodea  of  AN  and  U  for 
tlirecr.  comparison  to  the  work  of  MacKay  resulted  in  a 
minimum  cattilyst  mileage  (based  on  61  hours)  of  16,2 
gm  tlN/gm  catalyst  for  total  displacements  of  119  gm 
feed/ gm  catalyst.  MacKay's  approximate  values  were 
14  gm  GN/gifi  catalyst  and  46  gtn  feed/ gm  catalyst,  res¬ 
pectively,  for  presumably  a  total  run  time  of  77  hours 
based  on  n  quoted  operation  of  7  hr/dav  for  11  days. 
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TABLE  69 


ONE -INCH-DIAMETER  COLUMN  RUNS 


(Refer  to  Figure  64) 


Run  No. 

Type  AN 

Type  U 

Other 

A 

Reagent  Grade 

Reagent  Grade 

S.  C. 

B 

Hercules  MCW  Prills 

Olin  Commercial  Prills 

S.  C. 

C 

Hercules  MCW  Prills 

Reagent  Grade 

S.  C. 

D 

Reagent  Grade 

Olin  Commercial  Prills 

S.  C. 

E 

Cyanamid  Tech.  Prills 

Ol  n  Commercial  Prills 

s.  c. 

F 

Aged*5-  Hercules  MCW 
Prills 

A  'ed**  Olin  Commercial 
Prills 

S.  C. 

C 

Aged**  Reagent  Grade 

Aged**  Reagent  Grade 

S.  C.  : 

H 

Change  Standard  Conditions 

(e.  g.  Ft  ed  Temp.  ,  Silica  Gel, 

Bed  Depth) 

-  s.c. 

=  Standard  Conditions 

Feed  Mole  Ratio  =  2/1  AN  Mi 
Bed  Temperature  =  190-193°C. 

Flow  Rate  =2.5  cc/minute  Downflow  (Target) 

Run  Length  -  85  hours  or  less 
Feed  Temperature  -  130°C 

Catalyst  -  Low  Density  Silit  a  Gel  (Grade  59),  30"  deep  1  ed. 
Feed  Residence  'lime  T  15-30  minutes  max. 

8-10  Hour  Melt  Holdup  at  Feed  Teir.peature. 


Figure  64.  1-Inch  Column  Run  Sequence  (Refer  to  Table  69) 


TABLE  70 

CATALYST  POISOKIIC  STUDY  IN  ONE -INCH-DIAMETER  DOWN  FLOW  REACTOR 


It  should  be  noted  that  in  all  Kenvil  runs  where  cat¬ 
alyst  activity  did  not  decrease,  the  minimum  catalyst 
mileages  were  in  the  range  of  16.0  to  18.6  gm  GN/gm 
catalyst  at  displacement  values  ranging  from  119  to 
146  gm  fe.ed/gm  catalyst. 

In  summary,  the  Kenvil  1- inch-diameter  reactor  ex¬ 
ceeded  the  mileage  and  displacement  values  obtained 
by  MacKay.  Run  durations  ranged  from  37  to  67  hours 
at  which  times  the  experiments  were  voluntarily 
terminated . 

(b)  Commercial  Olin  urea  in  combination  with  reagent  grade 
AN  behaved  the  same  as  reagent  grade  urea. 

(c)  Cyanamid  AN  in  combination  with  reagent  grade  urea 
yielded  a  satisfactory  productivity  with  no  sign  of 
catalyst  decay.  A  sample  of  this  AN  contained  0. 16% 
by  weight  boric  acid  as  determined  by  a  Hercules' 
analysis.  Confirmation  of  this  analysis,  as  well  as 
other  additives,  by  Cyanamid  Chemical  Company  is  pend¬ 
ing.  Data  presented  earlier  showed  that  silica  gel 
absorbs  boron;  however,  it  did  not  affect  catalyst 
life  during  a  67-hour  continuous  run.  Regardless, 
use  of  this  material  is  not  recommended  for  two  rea¬ 
sons;  namely,  (1)  eventually  a  purge  of  the  boric 
acid  from  the  system  would  be  required  and  (2)  the 
supply  of  AN  to  a  production  plant  would  be  via  a 
captive  and/or  an  imported  boron- free  aqueous  AN  solu¬ 
tion. 

(d)  Aging  Cyanamid  AN  and  Olin  urea  for  approximately  3 
hours  at  130°C  did  not  affect  productivity.  This 
time  element  approximates  the  residence  time  of  feed 
melt  in  the  pilot  plant. 

(e)  A  400-pound  sample  of  AN  was  obtained  from  the  Her¬ 
cules'  Donora  plant  to  determine  the  effect  of  a 
commercial  grade  AN  without  any  additives  on  catalyst 
activity.  Inadvertently,  the  prills  had  a  slight  talc 
coating,  which  caused  the  reactor  to  plug.  Additional 
material  without  any  coating  was  subsequently  obtained 
but  not  evaluated  in  this  particular  portion  of  the 
program.  Evaluation  of  Hercules'  Donors  reagent  grade 
is  discussed  in  a  succeeding  section. 

(f)  Further  evidence  of  the  effect  of  dinmmonium  phos¬ 
phate  (DAP)  on  the  poisoning  of  Grace  39  silica  gel 
was  dramatized  by  adding  0.3%  by  weight  DAP  to  an  ' N/ 

U  melt  which  had  not  shown  any  decrease  in  catalyst 


activity  for  66  hours.  The  addition  of  the  DAP  re¬ 
sulted  in  catalyst  activity  decay.  When  addition  of 
DAP  was  stopped,  productivity  leveled  off  but  at  a 
level  lower  than  initielly  obtained. 


Certain  observations  were  made  while  operating  the  1- inch-diameter 
tubular  reactor.  MacKay  (Pittsburgh  Coke  and  Chemical  Company) noted  that 
his  successful  "7-hr  per  day,  11-day  run"  utilized  AN/U  melt  heated  to  1?5,JC., 
Our  initial  experiment  (Run  A)  followed  this  procedure  with  reagent  grades  of 
AN  and  U,  but  the  run  was  aborted  after  approximately  4  hours  because  of  plug¬ 
ging  of  the  feed  funnel  and  discoloration  of  the  feed  melt,  i.e, ,  from  color- 
less  to  amber.  Analysis  of  the  feed  showed  that  the  urea  concentration  had 
decreased  from  the  initial  level  of  257.  to  ca  107  by  weight.  Consequently, 
the  feed  melt  temperature  was  reduced  to  130°C.  Reactor  feed,  consisting  of 
combinations  of  recgent  grade  of  Cyanamid  AN  and  reagent  grade  of  Olin  urea, 
was  colorless  when  heated  to  130°C  for  time  periods  up  to  8  hours.  A  melt 
containing  AN  with  either  Permalene  or  post-added  diarranonium  phosphate  gassed 
and  turned  amber.  Catalyst  fines  were  not  evident  when  the  1-inch-dia.neter 
reactor  was  emptied  at  the  completion  of  each  experiment. 


In  summary,  it  was  concluded  that  the  catalyst  poisoning  experienced 
in  the  operation  of  the  pilot  plant  4-inch-d iameter  reactors  with  Houdry  macro 
porous  beads,  Mobil  Scrbead3  or  Grade  59  silica  gel  resulted  from  the  ise 
of  Hercules'  MCW  ammonium  nitrate  which  contains  Permalene. 


It  was  demonstrated  in  the  1 -inch-d iameter  reactor  that  Permalene 
and  one  of  its  constituents,  diammonium  phosphate,  poisons  Grace  39  silica 
gel  catalyst.  Presumably,  boric  acid  has  no  detrimental  effect  on  catalyst 
activity  as  evidenced  by  the  experiment  employing  Cyanamid  AN.  It  is  recog¬ 
nized  that  Permalene  contains  a  third  compound,  diammonium  sulfate;  however, 
its  effect  was  not  investigated  for  two  reasons:  (1)  it  is  present  in  AN  at 
only  a  0.017.  by  weight  level,  and  (2)  the  use  of  AN  with  any  additive  has  been 
ruled  out. 


Productivities,  expressed  as  gm  GN/minute,  as  a  function  of  time  are 
plotted  for  six  different  runs  in  Figures  66  through  71. 


The  general  procedure  for  each  run  was  as  follows: 


(a)  As-received  AN  and  U  were  weighed  out  at  a  2/1  molar 
ratio  for  a  total  weight  of  550  gm, 

(b)  The  AN  and  U  increments  were  dry  blended  in  a  Pyrex 
beaker  and  then  heated  on  a  hot  plate  until  melted. 
The  mix  was  stirred  periodically  to  limit  the  maxi¬ 
mum  temperature  to  130°C  (except  175"C  in  Run  A), 
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Figure  66.  Plant  Productivity  Vs  Time  -  1-Inch  Column  Catalyst  Study  (Run  A 2) 


MCW  Commercial  AN 
Reagent  Grade  Urea 
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Figure  67.  Plant  Productivity  Vs  Time  -  I-Inch  Column  Catalyst  Study  (Run  C) 
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Figure  68.  Plant  Productivity  Vs  Time  -  1  Inch  Column  Catalyst  Study  (Run  D2) 
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ant  Productivity  Vs  Time  -  1-Inch  Column  Catalyst  Study  (Run  G,  Modified) 
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1-Inch  Column  Catalyst  Study  (Run  j) 


(c)  The  beaker  of  melt  was  then  transferred  to  a  sand 
bath  maintained  at  130°C.  Normally,  logistics  were 
such  that  partial  transfer  of  a  new  melt  to  the  re¬ 
actor  feed  funnel  would  occur  within  10  minutes  after 
it  had  melted.  The  final  transfer  would  occur  within 
80-90  minutes,  resulting  in  an  average  melt  residence 
time  of  30-45  minutes. 

(d)  Before  the  melt  had  been  charged  to  the  feed  funnel, 
high-pressure  steam  (170  psig)  was  applied  to  the  re¬ 
actor  jacket  and  30  psig  steam  was  applied  to  the 
feed  funnel,  discharge  valve  and  off-gas  line.  The 
column  had  been  loaded  previously  with  203  gm  of 
Grace  59  silica  gel  predried  at  225°F  for  2  to  3  hours. 

(e)  The  valve  at  the  bottom  of  the  feed  funnel  was  ad¬ 
justed  for  dropwise  addition  of  melt  to  the  reactor. 
Experience  dictated  the  dropping  rate  and  frequency 
of  valve  adjustment. 

(f)  Product  was  collected  continuously  in  a  stainless 
steel  beaker.  Samples  for  analysis  were  taken  each 
1-1/2  hours  in  open  aluminum  cups  and  then  transferred 
to  sealed  bottles  when  solidified.  No  attempt  was 
made  to  operAte  the  column  flooded,  i.e.,  the  bottom 
discharge  valve  was  left  fully  open. 

(g)  Average  feed  rate  was  calculated  on  the  basis  of  the 
time  required  to  use  a  beaker  of  melt  and  assuming  no 
change  in  feed  funnel  inventory  between  the  first  and 
final  charge  increment. 


t .  Four-Inch  Diameter  Reactur  Scale-Up  Knn  Following  Catalyst  Poisoning 
Studies 

The  1-inch  column  work  discussed  above  was  successful  in  tha4"  it 
clearly  identified  the  main  contributor  (d j ammonium  phosphate)  to  the  catalyst 
poisoning  experienced  in  the  pilot  plant  runs.  However,  before  a  recommenda¬ 
tion  for  a  pilot  plant  production  run  could  be  made,  it  was  believed  neces¬ 
sary  to  confirm  these  results  with  a  single,  four-inch  column  run.  This  con¬ 
firmation  was  to  show  that  the  productivity  would  not  he  affected  !>v  acsie-up 
or  by  system  recycle.  Tins  experiment  was  started  on  November  8,  1972. 

Table  71  lists  the  conditions  used  for  this  run. 


Hercules'  Donors  ammonium  nitrate  (uncoatrd'i  was  employed  with  Oliii 
urea.  Tin  reactors  were  charged  with  Grace  grade  59  silica  gel  based  on  the 
results  obtained  with  the  1 -inch-diameter  reactor  and  because  a  continuing 
supply  of  Hotel :  v  silica  heeds  was  not  certain. 


l-.L 


TABLE  71 


CONDITIONS  TOR  SINGLE  FOUR-INCH-DIAMETER  REACTOR  RUN 
FOLLOWING  ONE -INCH-DIAMETER  REACTOR  STUDIES 


1)  START: 

2)  DURATION: 

3)  SEQUENCE: 

4)  TYPE  INGREDIENT: 

5)  FEED  RATIO: 

6)  FEED  RATE: 

7)  REACTOR  TEMP: 

8}  SAM  PEL  T: 

9)  QUENCH: 


November  8,  1972 
Approxin lately  10  days 

a)  4-5  days  virgin  iced 

b)  4  days  virgin  and  recycle  feed 

a)  AN  -  Donora  (uncoated) 

b)  U  -  Olin 

e)  Grade  59  Silica  Gel  Catalyst 
2/1,  AN/U  (molar  ratio) 

25  ’b  /hr. 

180-185^'  (measured  (;•  54"  centerline) 
Feed  and  produel  every  3  hours 
Melt /water  ratio,  2/1 


The  following  is  a  brief  chronology  of  events  for  the  4-inch-column 
work  performed  in  November  1972. 

(a)  Feed  was  started  to  R-200  at  approximately  9:00  p.m. 
on  November  8.  From  2:00  a.m,  until  about  1 0 r ( 0  a.m. 

November  9,  feed  flow  was  intermittent.  Since  the 
feed  line  and  header  were  determined  to  be  clear  ns 
evidenced  by  steam  sparging,  it  was  assumed  that  cle 
reactor  was  plugged  (November,  4-inch-dia.  reactor,  Run  1). 

(b)  Feed  was  admitted  to  R-204  at  10:00  a.m.  on  November 

9.  Feed  rate  was  continuous  until  about  5:00  p.m., 
at  which  time  it  stopped  and  an  attempt  to  regain  a 
flow  of  feed  was  unsuccessful.  Consequently,  opera¬ 
tions  were  curtailed  and  steam  was  turned  off  in  both 
reactors.  (November,  4-inch-dia,  reactor,  Run  2). 

(c)  When  the  reactors  were  dismantled,  catalyst  fines 
were  found  beneath  each  catalyst  support  screen  and 
in  the  1-inch  bottom  valves.  Considerable  catalyst 
fines  were  found  in  the  2-inch-diameter  feed  header; 
however,  their  origin  is  questionable.  (There  is 
reason  to  believe  the  fines  in  the  header  resulted 
from  the  reactor  dumps  following  the  Grace  grade  59 
single  column  run  in  August.) 

(d)  Reactors  R-200  and  R-204  were  emptied  and  recharged 
again  with  prodried  (150°F)  Grace  59  silica  gel.  The 
support  screens  were  moo. f led  to  eliminate  sifting  of 
catalyst  fines  into  the  bottom  valve. 

(e)  Molt  was  introduced  to  R-200  at  10:00  p.m.  November 

10.  From  about  3:00  a.m.  until  3:00  p.m.  on  November 

11.  feed  to  the  reactor  was  stopped  because  of  several 
feed  line  plugs.  Starting  at  3:00  p.m.  November  11, 
feed  supply  to  R-200  was  constant  (except  for  two 
short  periods)  until  11:00  p.m.  November  14.  At  that 
time,  pressure  in  the  feed  line  increast  from  t lie 
normal  10  psig  to  35  psig  ami  flow  stopped.  The  pres¬ 
sure  was  released  by  draining  the  feed  header,  and 
feed  was  started  again.  Pressure  in  the  feed  line 
gradually  increased  to  35  psig  and  at  5:00  a.m. 

N  vember  15,  the  run  was  terminated.  The  reactor  was 
on  stream  for  about  35  hours,  discounting  approxi¬ 
mately  12  hours  of  feed  s'oppage  due  to  plugged  lines. 
(November,  4-inch-dia.  reactor,  uii  3). 

(f)  Feed  was  admitted  to  fresh  catalyst  in  R-?04  at  5:00 
a.m.  November  15.  At  11:00  a.m.,  high  pressure  devel¬ 
oped  in  the  feed  line.  Attempts  to  eliminate  the 
plug  were  negative;  thus  the  experiment,  was  aborted  at: 

3:00  p.m.  (Novesnbe  r ,  4-i.n<!i  din.  ,  ee  to.  ,  Run  4)  . 


When  reactors  R-200  and  R-204  were  dumped,  it  was  learned  that  ap¬ 
proximately  20%  of  the  recovered  catalyst  from  R-200  was  present  as  fines. 

The  reactor  valves  were  not  plugged  as  in  Runs  No.  1  and  No.  2.  The  plug  ir< 
R-200  (Run  No.  3}  was  determined  to  be  due  to  fines  in  the  bed.  Stoppage  of 
Run  No.  4  was  determined  to  be  one  to  a  feed  line  plug. 

On  November  15,  1972,  the  reasons  for  the  plugging  of  R-200  and  R-204 
were  not  yet  known  and  a  meeting  was  held  between  Hercules  and  Picatinny  Ar¬ 
senal  personnel.  The  following  alternatives  were  suggested  for  the  remaining 
time  allocated  to  experimental  work. 


(a)  Clear  melt  from  the  bottom  of  R-204  and  attempt  to 
resume  operations. 

(b)  Repack  a  4-inch-diameter  reactor  with  new  Grace  59 
silica  gel  and  start  a  new  run,  taking  precautions  to 
minimize  water  in  the  feed  melt. 

(c)  Repack  a  4-inch  reactor  with  Houdry  beads  and  resume 
operations. 

(d)  Investigate  the  effect  of  water  in  melt  by  operatin 
the  down-flow  1-inch-diameter  reactor  with  Grace  59 
silica  gel. 


It  was  decided  that  the  most  valuable  data  could  be  obtained  by  oper¬ 
ating  the  1-inch  reactor  again  but  under  carefully  controlled  conditions.  It 
was  further  agreed  that  a  limited  number  of  beaker  experiments  would  be  per¬ 
formed  to  determine  the  qualitative  effects  of  hot  melt,  water  in  melt,  etc., 
on  silica  gel  and  Houdry  beads. 


7.  One -1  nch-Di  aine  ter  Reactor  and  Beaker  Tests 

Of  the  4-inch  column  runs  discussed  above,  three  were  terminated  be¬ 
cause  ot'  high  pressure  drop  due  to  fines.  Run  No.  3  lasted  85  hours  because 
care  had  been  taken  before  the  run  to  screen  the  catalyst  and  to  modify  the 
catalyst  support  plate.  The  pressure  drop  did,  however,  eventually  build  up 
to  the  point  wtiere  the  feed  pump  could  no  longer  pump  melt  through  the  bed. 
This  implied  that  the  reported  nondecvepi tating  Grace  grade  59  silica  gel  may 
not  h.  a  "m! table  catalyst  for  a  fixed  bed  reactor.  These  runs,  however,  used 
feud  containing  various  amounts  of  water  (0.57.  to  37).  There  was  some  belief 
that  "dry"  feed  would  eliminate  Grace  59  catalyst  physical  attrition  and  lead 
to  a  long  bed  life.  The  1 -inch  column  work  and  the  laboratory  beaker  tests 
were  programmed  in  an  attempt  t.i  answer  this  question. 


Two  1-inc h-d iame ter  column  runs,  designated  Runs  K  and  L,  were  made 
to  investigate  the  effect  of  17  water  in  the  feed  on  catalyst  decrepitation. 
These  runs  employed:  (1)  Hercules'  Donora  ammonium  nitrate,  (2)  Olin  urea, 

(3)  average  45-minute  hold  time  of  feed  melt  at  130°C,  (4)  feed  rate  of  6  gni/ 
minute,  (5)  190-193°C  reactor  temperature,  (6)  trickle  bed  operation,  (7)  90 
hours  minimum  run  time  and  (8)  feed  mole  ratio  of  2/1  Ah/U. 


Run  K  used  predried  (225°F  for  two  hours)  Grace  grade  59  silica  gel 
which  had  been  screened  through  an  eight-mesh  screen.  Run  L  used  predried 
(225°F  for  2  hours)  Houdry  CP-532  i  lica  beads  which  had  been  screened  of 
tines.  Run  X  was  started  on  November  16,  1972. 


Productivity  data  for  Runs  K  and  L  are  plotted  on  Figures  72  and  73, 
respectively.  Figure  72  contains,  in  addition  to  productivity  data,  the 
analyzed  water  content  ^ F  the  feed.  In  both  Runs  X  and  L,  a  nominal  17,  by 
weight  water  was  added  to  blended  AN  and  T!  solids  before  melting.  Figure  68 
is  a  productivity  vs  time  plot  for  Run  I)-2  that  was  made  in  October  1972  in 
the  1 -i nch-d iame ter  column  using  reagent  grade  AN,  Olin  urea,  and  Grace  59 
si  lie"’  e  1 ,  but  •  i  thout  intentional  addition  of  water  to  the  feed.  When 
Grace  5  i  silica  ge  1  catalyst  was  used,  the  effect  of  water  on  productivity 
is  evident  if  one  compares  Figures  72  and  *  K .  In  Figure  72,  the  CN  produc¬ 
tivity  was  about  0, 75  gm/m;nute,  whereas  without  water  added  (Figure  68),  the 
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Donora  Reagent  AN 
Olin  Commercial  Urea 

Average  melt  hold  time  - 
45  minutes 


I 


Run  Summary 

-  Run  length  -  59  hr 
No.  displacements  -  108  gm  feed/’ 
jin  catalyst 

.  Catalyst  mileage  -  13  gm  GN/ 
gm  catalyst 


0r 


'  t 


o 


'-*7 


0 


to 


Reactor  Conditions 

Feed  rate  -  5-9  gm/min 
Down-flow  operation 
Feed  mole  ratio  (AN/U)  -  2/1 
Reactor  temperature  -  193°C 
Catalyst  -  1  in.  diameter  x 
36  in.  high  bed.  Grace  59 
silica  gel  (203  gm) 

Feed  temperature  -  1J0°C 
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Donora  Reagent  AN 
Olin  Commercial  Urea 

Average  melt  hold  time 
45  minutes 


Run  Summai 


Run  length  -  57  hr 
No.  displacements  -  89  gm  feed/ 
gm  catalyst 

Catalyst  mileage  (minimum  - 
11  gm  GN/gm  catalyst 
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Reacior  Conditions 

Feed  rate  -  S-9  gm/min 
Down-1  low  operation 
Feed  mole  ratio  (AN/U)  -  2 
Walt.!'  in  Seed  -  17.  nominal 
Reactor  t  .  ompe  rat  is  re  -  19  i" 
C  .l.  lyst:  -  1  inch  dl  under 
if)  n.  high  lloudry  Cl'- 51 
■;i  1  i  no  heads  (2  id  gm) 
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reactions  during  PJ  .•  I.  Total  run  time  for  the  Houdry  beads  was  the  ^ame 
as  for  the  Grace  59  silica  gel,  but  a  decay  in  catalyst  activity  was  not 
noted.  This  could  be  a  characteristic  of  Houdry  beads.  On  the  other  hand, 
since  the  number  ot  displacements  (gm  feed/gm  catalyst)  was  lower  (89)  fcr 
the  Houdry  beads  than  for  the  Grace  59  silica  gel  (108),  catalyst  activity 
decay  could  have  occurred  if  the  run  had  been  continued.  Calculated  minimum 
Houdry  mileage  was  only  11  gm  GN/gm  catalyst.  The  purpose  fur  making  both 
Run  K  and  Run  L  was  to  investigate  the  effect  of  water  in  feed  on  the  actri- 
tion  characteristics  of  the  two  different  catalysts,  liad  the  data  presented 
in  Figures  72  and  73  been  available  immediately.  Run  L  would  have  been  contin¬ 
ued.  An  extended  run  (e.g.  ,  15  days,*  in  the  1-inch-diameter  reactor  using  Hou¬ 
dry  beads  and  water  added  to  the  feed  melt  was  subsequently  made.  This  ex- 
v‘-nded  run  is  discussed  in  the  next  section  along  with  a  final  and  successful 
4-inch-diameter  reactor  experiment.  It  should  be  noted  that  there  were  no 
signs  of  Houdry  bead  fines  when  the  reactor  was  dumped  following  Run  I., 


/ive  beaker  tests  were  conducted  in  an  attempt  to  assess  the  effect 
of  contacting  the  silica  gel  catalysts  being  used  in  the  GN  program  with  hot 
AN/U  melts  containing  various  amounts  of  water.  The  objective  of  this  work 
was  to  obtain  insights  into  what  had  led  to  catalyst  attrition  problems  in 
the  pilot  plant  operation.  These  tests  were  meant  to  simulate  the  feed  zone 
of  the  reactors  where  AN/U  melts  are  preheated  from  110°  to  180°C  and  make 
initial  contact  with  the  silica  gel  catalyst.  The  observations  made  during 
these  five  tests  resulted  in  the  following  conclusions: 


(a)  The  "nondecrepitating"  form  of  silica,  Grace  grade  59, 
did  not  physically  break  down  when  contacted  with 
liquid  water  at  ambient  temperature.  However,  at 
elevated  temperatures  and  when  contacted  with  hot  AN/ 
IJ  melts,  the  catalyst  did  suffer  seme  attrition  (5- 
207„)  ,  The  attrition  appeared  to  be  due  to  a  combi¬ 
nation  of  thermal  stresses,  the  pressure  due  to  the 
venting  of  entrained  gases,  and  u  softening  of  the 
gel  structure  from  the  wetting  of  the  AN/U  melt. 

(b>  The  experimental  rtvac roporous  silica  In  ads,  Houdry 
CP-5  i2. did  not  suffer  any  attrition  either  from 
we  ter  contact  or  from  hot  melt  contact. 

(c)  The  recovered  Grace  grade  59  siiica  gel  particles 

from  ttie  beakers,  while  hot  and  wet  with  AN/U  melt, 
were  very  soft  and  fractured  very  easily.  The  re¬ 
covered  Moudrv  beads  appeared  harder  than  unused 
head  s . 


The  presence  of  liquid  water  in  the  melt  appeared  to 
increase  the  level  of  the  si l  let  go!  attrition.  How¬ 
ever,  it  is  not  believed  to  he  the  m  jor  con*  r  ibutoi  . 
A  best  guess  is  that  the  sji.ca  ge •  hr*,  a  as  down  in 
two  steps: 


(d) 


(1)  A  softening  of  the  structure  from  contact  with 
hot  melt  and  then, 

(2)  Fracturing  of  Its  structure  due  to  gas  evolu¬ 
tion  resulting  from: 

a  Entrained  ai 

b  Steam  (generated  from  water  in  the  feed) 
c  Reaction  gases  (NH3  and  CO2) 


A  sample  of  Houdry  CP-532  silica  beads  stored  for  kine-month  in  140- 
150°C  AN/U  melt  did  not  exhibit  any  signs  of  decrepitation. 


Details  of  the  catalyst  beaker  tests  are  presented  in  Table  III -3  in 
the  Appendix  III. 


8 .  Final  One-Inch-Diameter  and  Four-Inch-Diameter  Reactor  Experiments 

Based  on  the  results  from  Runs  K  and  L  in  the  1 -inch-diameter  reac¬ 
tor,  a  recommendation  to  proceed  with  pilot  plant  modifications  and  opera¬ 
tions  to  produce  an  evaluation  quantity  of  GN  could  not  be  made.  The  demon¬ 
strated  Houdry  catalyst  mileage  of  11  gm  GN/gm  catalyst  was  insufficient  for 
extrapolation  to  a  practical  level  of  200-300  lb  CN/lb  catalyst.  A  program 
was  proposed  to  Picafinny  Arsenal  personnel  whereby  the  1- inch-diameter  re¬ 
actor  loaded  with  Houdry  silica  beads  would  he  operated  continuously  for  13 
days  to  demonstrate  a  more  meaningful  catalyst  mileage.  This  would  then  he 
followed  by  an  identical  5-day  run  in  a  single  4-inch-d iameter  reactor  (up- 
flow)  for  scale-up  purposes.  Both  of  these  experiments  were  completed  on 
February  4,  1973.  Results  of  the  two  experiments  are  discussed  below. 

a .  One-Inch-Diametet  Reactor  (Run  M) 

The  1  - inch-d iame ter  tubular  reactor  was  charged  with  250  gm  of 
predried  (120°C  for  4  hours)  Houdry  CP-532  macroporous  silica  beads  and  then 
heated  to  the  operating,  temperature  of  193°C  with  high-pressure  steam  in  the 
jacket.  Increments  of  ammonium  nitrate  (Hercules'  Donors)  and  urea  (01 lr) 
prills  were  weighed  for  a  2/1  molar  ratio,  dry  blended  and  then  melted.  Pre¬ 
cautions  re  taken  not  to  exceed  a  130°C  melt  temperature,  and  logistUs 
were  planned  so  that  the  average  hold  time  of  che  feed  melt  was  about  45  min¬ 
utes.  A  volume  of  water,  equivalent  to  17  by  weight  of  the  total  \N  and  U, 
was  added  to  the  dry  materials  before  melting.  The  successive  batches  01 
feed  melt  were  added  incrementally  to  the  feed  funnel ,  and  the  discharge 
valve  was  ad  lusted  to  y  ie  Id  a  feed  rate  ranging  from  5  t  o  9  gm/minuts  .  The 
feed  and  reactor  product  melts  were  analyzed  for  water  content  (Karl  Fisher) 
and  AN/U/GN,  respectively.  Productivity  values  (gm  GN/tsG  nut  e )  were  calcu¬ 
lated  on  the  basis  of  the  nitrate  rontervat ion  technique  described  1  ar) ier. 


The  1- inch-diameter  reactor  was  operated  continuously  for  332 
hours  (13.8  days)  with  a  2/1  (AN/U)  molar  feed  containing  an  average  of  0.84% 
water  by  analysis  (Figure  75) .  Pertinent  results  from  this  experiment  were 
as  follows: 


•  Catalyst  mileage  (minimum)  -  68  gm  GN/gm  catalyst 

•  Displacements  -  558  gm  feed/gm  catalyst 

•  Houdry  Bead  appearance  -  No  breakage  -  slight 

discoloration 


A  plot  of  productivity  vs  time  for  Run  M  in  the  1 -inch-diameter 
reactor  is  presented  in  Figure  74.  Catalyst  poisoning  was  not  evident. 


b.  Four -Inch-Diameter  Reactor 


A  single,  4-inch-diameter  tubular  reactor  (R-200)  was  charged 
with  predried  (55°C  for  12  hours)  Houdry  silica  beads  (26  pounds  total)  and 
then  preheated  with  250  psig  steam  in  the  reactor  jacket.  Ammonium  nitrate 
(Hercules'  Donora)  and  urea  (Olin)  prills  were  blended  and  melted  in  a  batch 
melter  for  a  2/1  (AN/U)  molar  ratio. 


Water  was  not  added  intentionally  to  the  melt;  however,  melt 
feed  to  the  reactor  was  analyzed  periodically  for  per  cent  water  as  well  as 
AN,  U  and  GN.  Analyses  showed  that  absorption  of  water  from  the  atmosphere 
and  water  introduced  via  the  pump  seal  was  sufficient  to  maintain  the  nomi¬ 
nal  17.  programmed  level.  To  minimize  water  pickup,  feed  melt  was  transferred 
manually  from  the  melter  to  the  feed  tank  (T-113).  Reactor  product  was  ana¬ 
lyzed  pe r iod i ca 1 ly  (normally  each  three  hours)  for  AN,  U  and  GN  content. 

These  data,  in  conjunction  witli  the  feed  rate,  were  utilized  to  calculate  re¬ 
actor  productivity  values  (lb  CN/hr) . 

Melt  (2/1,  AN7U,  molar  ratio)  was  introduced  t o  R-200  at  4:00 
p.m.  ,  January  29,  1973,  at.  a  nominal  rate  of  25-30  lb/hr.  After  nine  hours 
of  operating  time,  feed  to  the  reactor  was  stopped  because  of  loss  of  plant 
steam  to  the  melter,  feed  tank  and  feed  lines.  The  reactor  was  drained  pend¬ 
ing  the  return  of  plant  steam;  however,  200-250  psig  steam  from  the  captive 
electric  boilers  was  maintained  on  the  reactor  jacket .  Operations  were  re¬ 
sumed  but  curtailed  again  w’ thin  37  hours  because  of  a  second  plant  steam 
failure.  Reactor  feed  was  stopped  and  the  reac  or  was  drained.  On  the  flOrd 
startup,  the  reactor  feed  makeup  was  changed  from  a  2/1  to  1/1  (AN/U)  molcr 
ratio  to  obtain  a  lower  melting  point  material  and,  hopefully,  not  ncakJi 1 
tate  another  shutdown  In  the  event  of  low-pressure  plant  steam.  The  reactor 
was  then  operated  for  70  consecutive  lours  nt  the  l/l  AN/U  ratio.  Die  run 
was  voluntarily  terminated  at  2:30  p.m.,  February  4,  19M,  resulting  in  an 
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Plant  Productivity  Vs  Tire  -  1-Inch  Column  Catalyst  Study  (Run  K) 


accumulated  reactor  feed  time  of  115  hours.  Total  elapsed  time  from  initial 
j  introduction  of  feed  to  the  reactor  until  terminatioi  the  run  was  143  hours. 

Tlie  used  Houdry  head  catalyst  drained  freely  from  the  reactor.  The  Houdry 
beads  were  less  discolored  than  those  recovered  from  the  15 -day,  1 -inch-dia¬ 
meter  reactor  run  (Run  M) .  Very  few  broken  beads  were  noted. 

Time,  rates,  analytical,  etc., data  and  calculated  GN  productivi¬ 
ties  for  the  above  4-inch-d lame  ter  reactor  run  are  presented  in  Table  I1I-4, 
Appendix  III.  Yield,  productivity  (lb  GN/lb  feed)  and  production  rate  (lb 
GN/hr)  calculations  were  based  on  the  nitrate  conservation  technique.  For 
most  of  the  cases,  these  calculations  were  based  on  both  "actual"  and  "theo¬ 
retical"  analyses  of  the  reactor  feed  stream.  The  difference  between  "actual" 
and  " theoretical"  analysis  was  the  detection  of  a  nitrate,  other  than  ammon¬ 
ium  nitrate,  in  the  feed  by  actual  analysis.  This  nitrate  was  credited  as 
guanidine  nitrate.  An  "actual"  feed  analysis  results  in  lower  GN  productivity 
and  production  values. 

The  'N  production  values  (lb  GN/hr)  based  on  "theoretical"  feed 
analyses  for  this  single-tube  run  are  plotted  in  Figure  76  as  u  function  of 
time.  During  the  initial  operating  period  when  a  2/1  (AN/U)  molar  feed  was 
used,  the  steady  state  production  rate  averaged  8  lb  GN/hr,  Towards  the  end 
of  tills  initial  period,  the  productivity  decreased;  however,  this  decrease 
was  attributed  to  minor  operating  problems,  i.e.,  interrupted  feed,  partial 
draining  of  reactor,  etc.  When  a  1/1  AN/U  feed  stock  was  employed,  the 
steady  state  productivity  averaged  about  9.4  lb  GN/hr.  This  represents  about 
a  501'.  increase  when  compared  to  the  pilot  plant  design  value  of  (>  lb  GN/hr/ 
Lube.  The  calculated  results  for  the  latter  70  hours  of  operation  with  a  1/1 
AN/U  teed  indicate  a  slight  decline  in  GN  pioductivit.y  as  a  function  of  time 
(see  Figure  7»-  .  However,  one  cannot  place  much  credence  in  this  observation 
because  of  the  relatively  short,  duration  (115  hr  total  feed  time)  of  the  run. 


().•  t  i  eg  the  latter  period  of  op<  rat  ions,  reactor  product,  me  1 1  was 
weigh*1  i  These  lata,  in  conjunction  with  rear  i  or  pr*  duct  analyses,  were  used 
to  calculate  an  «v-  rage  GN  production  a-.-  .>•  er  a  steady- state  period  of  22.5 
hours,  independent  of  (Crd  ana  vs  J  s  r.J  the  nitrat--  conservation  method  for 
y  ield-pn  »e t  i  v  i  r>  ••alrulat  ions  r.  -t  &b<  ve  .  The  resul  *  s  showed  that  the 
•  r  rate  out  *,»*»•  v*  fl  met  ,od  of  «  i  :  r  t  i  t.-p  \  fids  and  productivities  is 
*.,uuid  .  Data  a  ,d  rt-.su  1 1  s  \  n-  p:  scnird  in  "!  an  )  ■  72  and  snmmar  i  zed  lie  low. 
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TABLE  72 


COMPARISONS  OF  GUANIDINE  NITRATE 
PRODUCTION  RATE  CALCULATIONS 


BASIS: 


1.  Four-inch  diameter  tubular  reactor  (R-200) 

2.  Houdry  macroporous  silica  beads  (26  lbs.) 

3.  Donora  (Hercules)  additive-free  AN 

4.  Olin  urea 

5.  AN/U  ratio  -  l/l 

6.  Reactor  jacket  temperature  -  208°C 

7.  Recycle  -  None 

8.  Feed  rate  -  27  lbs.  /hr. 

A.  Sample  operating  period:  4:00  P.  M.  ,  2/3/73  -  2:30  P.  M.  2/4/73 

B.  Oper ' ting  time:  22.  5  hours 

C.  Average  GN  content  ol-  reactor  product:  45.  5% 

(based  on  6  samples) 

14.  Reactor  melt  collected  (total):  444  lbs, 

E.  Average  GN  production  rate  based  on 

melt  product  rate  and  analysis;  !>,  0  1  bs .  G N/h r. 

(444  lbs.  x  0.  4 55) /(2 2.  5  hrs. )  “ . "  " .  . 

F.  Average  GN  production  rates 

calculated  by  NO3  conservation 
method  (see  Table  iii-a) 

a)  Based  on  actual  feed  analysis;  6.  8  lbs .  ( ! N/h r, 

b)  Basts!  on  theoretical  feed  analysis:  2  lbs.  (IN  /hr. 


1 

i 


If  one  estimates  from  Figure  76  average  GN  production  values  of 
8.0  and  9.0  Ib/hr  for  the  2/1  and  1/1  (AN/U)  periods  of  performance,  res¬ 
pectively,  the  minimum  catalyst  mileage  was  38  lb  GN/lb  catalyst  [(45  hr  x 
8+  70  hr  x  9)/26  lb  catalyst].  Table  73  contains  data  and  calculations  for 
determining  an  overall  material  balance,  urea  balance,  etc.  The  total  cal¬ 
culated  GN  formation  was  962  lb  which  represents  a  minimum  catalyst  mileage 
of  37  lb  GN/lb  catalyst.  Catalyst  mileage  values  determined  by  the  two  methods 
agree  very  well. 


When  a  2/1  molar  feed  melt  (72.7%  AN,  27.370  U)  was  employed, 
the  calculated  GN  yield  [(moles  GN  formed/moles  U  reacted)  2]  averaged  1047= 
with  a  range  of  91  to  1237..  For  the  1/1  molar  condition,  the  GN  yield  aver¬ 
aged  967.  with  a  range  of  88  to  1077.  In  the  latter  case,  calculated  GN  yields 
(52-677)  for  the  startup  period  were  neglected  in  determining  the  average 
value.  If  one  uses  the  material  balance  values  from  Table  73,  the  calculated 
overall  reactor  GN  yield  was  95.07.  This  represents  a  very  good  yield  and 
agrees  fairly  well  with  yields  calculated  from  individual  product  analyses 
and  reactor  feed  rates  (Table  III-4,  Appendix  III), 


Table  73  contains  data  and  calculations  relative  to  a  material 
balance  for  the  entire  period  of  performance  for  the  4-inch-diameter  reactor 
run.  Records  were  kept  as  to  materials  charged  to  the  melters,  materials  re¬ 
moved  from  the  melters  and  feed  tank  after  terminating  the  run,  weights  and 
analyses  of  quenched  reactor  product,  reactor  drainings  necessitated  by  plant 
steam  failure  and  run  termination,  etc.  Estimates  of  weights  and/or  analyses 
of  material  not  directly  accounted  for  were  made  in  certain  instances.  The 
results  from  this  material  balance  are  detailed  in  Table  73  and  summarised  cs 
follows : 


Ove rail 

weight  balance 

98.37 

Reactor 

urea  balance 

-  102.97. 

Reactor 

AN  balance 

94 . 87 

Urea  conversion 

82.87 

GN  yield 

based  on  area 

95.07 

The  packed  bed  tubular  reactor  mathematical  model  was  employed 
to  predict  the  tempi; rature  profiles,  product  rate,  product  analysis,  urea 
conversion  and  GN  yield  for  the  4-inch-diameter  reactor.  The  model  was  re¬ 
fined  to  incorporate  the  actual  weight  of  lloudry  silica  beads  employed  (26 
pounds)  and  the  actual  catalyst  bed  depth  (126  inch).  The  required  input 
data  consisted  of  the  following  experimental  values;  120°C  feed  temperature, 
27  lb/hr  feed  rate  and  1/1  (AN/U)  molar  feed.  The  computer  printout  of  pre¬ 
dicted  results  is  presented  in  Table  74.  The  temperature  data  in  Table  74 
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TABLE  73 


MATERIAL  BALANCE  CALCULATIONS  FOR 
FOUR-INCH  DIAMETER  REACTOR  RUN 


BASK: 


1.  Reactor 

2.  Performance  Period 

3.  Total  Feed  Time 
4  Catalyst 

5.  Ammonium  Nitrate 

6.  Urea 

7.  AN/U  Molar  Ratio 


-  R-200 

-  1/29/73  thru  2/4/73 

-  115  hours 

-  Houdry  CP- 532  macroporous  silica  beads 

-  Hercules'  Donora  (additive-free) 

-  Olin 

-  a)  2/1  for  initial  45.  5  hrs. 
b)  1/1  for  final  69.  5  hrs. 


A. 


Total  Material  Charged  to  System: 


AN 

u 

h9o 


249  5  lbs. 

1381  lbs. 

3  1  lbs,  (assumed  0.  8  wt. 
3907  lbs. 


%  avg. ) 


B.  Accounted  for  Material: 


1.  Removed  from  melter  & 
feed  tank  @  end  of  run 


Weight  (lbs.) 

an - U  GET - arc - HoO - Total 


378  158  4  540 


2.  Discarded  HgO  quenched 

Melt  (815  lbs.  -41.  5%  AN,  338  37  240 

4.  6%  U,  29.  5%  ON, 

24.  4%  II 20) 


2.  II2O  quenched  product  in 

T- 1-6  (2110  lbs.  -42.7%  90  1  160  650 

AN,  7.6%  U,  30.  8%  GN, 

18.  9%  1120 


4.  Discarded  Reactor  produc  t  38  5  42 

(estimated  3  5  lbs.  in  4  hrs. 

assume  45%  AN,  7%  U, 

48%  fJN) 

5.  Reactor  prouuct  from  dump¬ 
ing  (est.  100  lbs.  -  assume  65  5  30 

6  5i;t)  .  N,  ,y'/o  U,  30'  .  (. ;  N ) 

6.  Discarded  teed  melt  for  rate 

checks  (cast.  6()  lbs.  -  ,80%  4  1  18 

U,  69%  AN,  1  •  (i.,0) 


6  1 5 


171 1 


0,1 


100 


60 


I 
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TABLE  73  (Continued) 


Weight  (lbs.) 
U  ON  AC 


Total 


7.  Samples,  pump  leaks,  etc. 
(neglect) 

8.  Off-Gas 

(062  lb.  GN  v  7a', 

{  122 

).  Urea  hydrolysis  loss  from 
feed  HdO 

{2GJb.  Il*)  .  „„v 


»*  to 


x  78) 


Totals 


1761  383  0(52 


C.  Overall  Weight  Materia]  Balance 


Material  Out  .  .383?  x  100  .  y 


Material  In 

1 llc Actor  Urea  Balance 
Urea  In 

[1881  -  ( 158  +TB)>;0 
120  5/(50 
-  20.  1  moles 


3907 


Uir;i  Out 


As  Urea  -  207  11.) /  .50 


3.  -15  moles 


As  GN  Uquivali  nts  -  962  lb  / 122  7,90  moles 
As  AC  equivalents  -  788  lb/78  9.  38  moles 


Tot  a  l 


20.  60  mole 


Keacior  Urea  Balance'  mole.-  i  <..;t 

moles  !  in 

20.68  ..... 

- -  \  )t)d 

20.  J‘) 


\  1 1  M  i 


^sPuaHfjpKJi.wyiJLWP  -  -  J!  1  ''T^' 


CABLE  73  (Continued) 


E.  React  or  Ammonium  titrate  Balance 


AN  In 

[  2495  -  (378  +  41)1780 
=  2078/ 80 
-  26  moles 


AN  Out 

As  An  =  1342  Ib780  -  16.75  moles 
As  GN  =  962  lb/122  =  7.90  moles 


’l  ot  al 


24.  65  moles 


Reactor  N  Balance  =  Moles  AN  out 


Moles  AN  in 
24.  6  5 


x  10  0 


26 
94.  8% 


x  10  0 


l T r o a  Conversion 


Conversion  moles  U  reacted 


mob's  l!  fed 

20,  g.  -  3.  45 

20.  1 

r  2.E::, 

( I.  Reaction  GN  Yield  from  Urea 


x  100 


x  100 


Yield 


(mo!  es  GN  )  ■  >  I 

(moles  U  ;  eaeted) 

7 .90 


100 


i  ( i .  i )  r> 


\  2  x  IDO 


are  weighted  radial  averages  as  a  function  of  axial  heigiit.  The  pertinent 
results  are  summarized  in  Table  75  and  are  compared  to  experimental  results 
obtained  over  the  last  22.5  hours  of  operating  time.  During  this  period,  all 
the  reactor  product  melt  was  collected,  weighed  and  analyzed  for  AN,  U  and  GN. 
A  comparison  of  the  predicted  and  experimental  results  clearly  demonstrates 
the  accuracy  and  reliability  of  the  mathematical  model , 


The  predicted  temperature  profile  data  are  plotted  in  Figure  77. 
Included  on  the  graph  are  the  experimental  radial  a. id  wall  temperature  data. 
The  experimental  wail  temperature  data  agree  with  the  predicted  values.  The 
experimental  radial  temperature  data  fall,  for  the  most  part,  on  the  calcu¬ 
lated  curve  representing  a  distance  of  0.3  inch  from  the  reactor  wall.  The 
departure  of  the  measured  radial  temperature  from  the  predicted  curve  in  the 
bottom  section  of  the  reactor  can  be  explained  The  mathematical  model  pre¬ 
dictions  are  based  on  feed  entering  the  reactor  at  120°C  with  both  the  cata¬ 
lyst  bed  and  reactor  jacket  originating  at  zero  axial  height.  However,  in 
actual  practice,  feed  enters  the  reactor  at  120UC  (zero  axial  height)  and 
then  travels  through  an  8- inch  section  of  reactor  that  does  not  contain  cata¬ 
lyst,  This  8-inch  section,  in  effect,  serves  as  a  preheat  section,  resulting 
in  higher  than  predicted  initial  radial  temperatures. 


Several  reactor  product  samples  were  analyzed  for  water  inso¬ 
lubles  (ammelide) .  These  analyses,  in  conjunction  with  the  analyses  of  the 
individual  reactor  product  melts,  were  used  to  calculate  the  per  cent  water 
insolubles  on  a  total  GN  basis.  The  results  are  shown  in  Table  76.  Figure 
78  is  a  plot  of  insolubles  (on  a  GN  basis)  as  a  function  of  cumulative  reac¬ 
tor  feed  time.  When  operating  at  a  2/1  (Al!/U)  molar  feed  ratio,  the  insolubles 
level  was,  <  0.1"  after  45  hours  of  reactor  feed  time.  At  the  1/1  feed  ratio, 
the  insolubles  started  at  a  level  of  about  0.557,  and  increased  to  1,047. 

(0,497,  on  a  total  reactor  melt  basis)  after  operating  for  70  hours  at  this 
feed  ratio.  The  final  steady-state  insolubles  value  is  unknown;  however,  it 
is  assumed  that  it  would  level  out  at  2-37,  based  on  GN. 


c  •  Conclusions 

The  1-inch  and  4- i nch-d iametm  reactor  experiments  completed 
during  this  report  period  were  both  gratifying  and  rewarding  in  that  minimum 
catalyst  mileages  oi  68  g  GN/g . cat alyst  and  38  lb  C.N^lb  catalyst,  respectively, 
were  demonstrated.  In  addition  to  the  improved  demonstrated  catalyst  mileage 
values  with  commercial,  add i t i ve -free  AN  anu  urea  feed  stocks  (but  no  plant 
recycle),  there  was  no  apparent  catalyst  poisoning  or  physical  l  reakdown  of 
the  catalyst.  Material  balance  data  reflects  the  accuracy  of  the  assumption 
that  one  mole  of  ammonium  carbamate  (AC)  is  produced  for  each  mole  of  guani¬ 
dine  nitrate.  Conversion  of  urea  to  GN  and  AC  was  K3-8V/.,  which  is  consistent 
with  earlier  developed  mathematical  model  predictions.  The,  GN  yields,  based  on 
urea  reacted,  were  in  excess  of  407  (average  4V"  for  t  lie  4- inch -d  iameter  re¬ 
actor  operation). 


TABLE  75 


COMPARISON  OF  EXPERIMENTAL  &  PREDICTED  RESULT'S 
FROM  OPERATION  OF  SINGLE  FOUR-INCH  DIAMETER  REACTOR 

CON  DITTO  NS: 

1.  Houdry  Silica  Beads  (2d  lb  ) 

2.  Feed  Rate  -  27  lb.  /hr. 

3.  Feed  AN/U  Molar  Ratio  -  l/l  (No  Recycle) 

4.  Feed  Temperature  -  120QC. 

5.  Jacket  Temperature  -  2  08°C- 


Experimental  ' U 


Predicted 


a)  Product  Analysis  (%) 


AN 

45.3 

40. 8 

l) 

5.  1 

7.7 

CIN 

45.  5 

45.  5 

b)  Urea  Conversion  (%) 

84.5* 

80 . 7 

c)  ON  Yield  (%) 

89.3* 

89. 9 

d)  Melt  Product  Rate  (lb/hr) 

12.7 

20.  1 

e)  Productivity  (lb.  GN/hr. ) 

9.  0 

9.  1 

U  re  a  1  ed  (27  lb.  leod/hr.  x  0.  429)  (22.  5  lir.  )/(i0  4.  344  moles  urea 

Urea  in  reactor  product  (444  lb,  product  x  0.0!il)/(i()  r  ().(i73  moles  urea 
ON  in  reactor  product.  (444  lb.  product  x  0.  455)  /  122  1 .  < ;  5 •  i  moles  ON 


U re a  c onversion 

CiN  Yield  1.5  55 
3.70?' 


4.  544  -  0.  ii  7:-;  x  100 
4.  .3  44 


x  2  X  100  Hi).  3';;, 


84.  '>"L 


E  Based  on  22.  5  hours  of  operation  during  which  ;ie.r  reactor  product 
melt  was  weighed  and  analyzed  (4:00  P.  M.  2/3/73  -  2:30  M.  2/4/73) 


2.  Based  on  tubular  reactor  mathematical  model  developed  durinr. 
Phases  I  and  II  and  us  ini’,  experimental  Led  rate,  Ic'd  makeup 
and  jacket  temperature  data. 


TABLE  76 


j 

I 


WATER  INSOLUBLES  IN  REACTOR  PRODUCT  MELT  FROM 
FOUR  INCH  DIAMETER  REACTOR  CONTAINING  HOU DRY  BEADS 


1.  Additive-Free  Hercules / Donora  A.W 

2.  Olin  Urea 

3.  Reactor  Jacket.  Temperature  -  20000. 

4.  Feed  Rate  -  25  -  3  0  lb.  /hr. 


Dat  e 

Time 

Cumulative 
Feed  'rime 
(hrs . ) 

Feed 

AN/U 

Ratio 

Insolubles 
In  Melt 
(wt.  %) 

ON  Li 
Melt 
(Wt.  %) 

Insolubles 
Based  on  < 
(Wt.  %) 

1-31-73 

7:30  AM 

22 

2/1 

0.  0  I 

20  4 

0.  034 

1-31-73 

11:00  PM 

44 

2/1 

0.  05 

27.  1 

0.  084 

2-2-73 

4:30  AM 

57 

1/1 

0.  2  7 

45.  5 

0.  002 

2-2-73 

7;30  AM 

00 

1/1 

0.  3  5 

51.2 

0.  080 

2-3-73 

7:30  AM 

04 

1/1 

0.  5!) 

43.7 

0.  792 

2-4-73 


10:30  AM 


The  accuracy  of  the  packed  bed  tubular  reactor  mathematical  model 
developed  earlier  was  demonstrated,  i.e.,  predicted  and  experimental  results 
were  in  almost  total  agreement.  For  example,  predicted  and  experimental  pro¬ 
duction  rates  were  9.1  and  9.0  lb  GN/hr/tube,  respectively. 

On  the  basis  of  these  two  experiments,  the  practicality  of  the 
AN/U  process  for  manufacturing  ON  appears  to  be  technical  1'  sound.  Addi¬ 
tional  data  are  required  to  establish  the  effect  of  plant  recycle  feed  on  ON 
productivity,  insolubles  formation,  catalyst  mileage,  catalyst  life,  etc. 


9 .  Chemical  and  Process  Literature  Search  for  Guanidine  Nitrate  Manu¬ 
facture  via  Catalytic  Reaction  of  Urea  and  Ammonium  Nitrate 

Two  different  literature  searches  were  perform? d  to  (1)  determine 
if  the  literature  lie  Id  any  clues  regarding  the  problems  encountered  in  the 
pilot  plant  with  catalyst  poisoning,  and  (2)  briefly  review  work  done  by 
other  researchers  on  the  U/AN  process  for  manufacturing  guanidine  nitrate. 


a.  Chemical  Literature  Search 


A  literature  search  related  to  production  of  ON  from  urea  and 
ammonium  nitrate  was  made  with  the  following  objectives:  to  assure  that  re¬ 
cent  literature  on  the  process  had  been  covered  and  to  develop  information 
relative  to  production  of  by-products  tnd  their  possible  effects  on  catalyst 
performance.  Chemical  Abstracts  was  thoroughly  checked  from  1956  tlujugh 
October  16,  1972  and  in  some  cases  from  1947.  The  information  was  divided 
into  four  general  categories:  (a)  Preparation  of  Guanidine  Nitrate  from 
Urea,  (b)  Reactions  of  Urea  from  100°C  to  200°C,  (c)  Formation  of  Melamine 
from  Urea,  and  (d)  Silica-Phosphate  Reactions.  The  chemical  literature 
search,  which  is  the  subject  of  a  separate  report  presented  in  Appendix  V, 
can  be  sunnim  ized  as  follows: 


Little  new  information  was  found  on  the  process  for  guanidine 
nitrate  from  urea  and  ammonium  nitrate,  but  reaction  characteristics  and  re¬ 
action  mechanisms  were  reviewed.  The  catalytic  reaction  with  silica  gel  leads 
to  the  formation  of  guanidine  nitrate  and  small  amounts  of  triazine  by-pro¬ 
ducts  a'  temperatures  which  give  cyamiric  acid  as  the  main  product  in  a 
straight  thermal  reaction,  Tht  mecnan ism  appears  to  involve:  (1)  formation 
of  UNCO  from  urea;  (2)  complexing  of  UNCO  with  the  catalyst,  followed  by  dis¬ 
proportionation  to  CO2  and  h  reactive  carbod i imide-catal vst  complex;  and  (3) 
displacement  of  the  ca  r  bod  i  i  m  i  de  bv  ammonium  nitrate  to  give  gnuiiid  i  in  ui- 
t  r  a  t  e  , 


Tiie  current  Hercules  procedure  u.  holding  the  urea -amnion  urn  ni¬ 
trate  feed  at  about  llf'C  for  extended  periods  ran  be  expected  to  involve  the 
reactions:  ( 1)  hydrolysis  of  urea  to  give  yield  losses  and  (2)  formation  of 


tut, 


biuret.  An  experimental  check  should  be  made  of  the  biuret  formed,  but  amounts 
in  excess  of  57,  would  not  be  expected.  Formation  of  biuret  is  readily  reversed 
at  reaction  conditions  so  that  its  formation  in  small  amounts  would  not 
be  a  serious  problem.  Significant  amounts  of  triazine  products  would  not  be 
formed  at  the  feed  temperature . 


Cyanuric  acid,  ammelide,  ammeline,  and  melamine  can  all  form  at 
the  guanidine  nitrate  process  temperature.  Maintenance  of  catalyst  activity, 
optimum  reactant  ratios,  and  temperatures  as  low*  as  compatible  with  practical 
rates  can  be  utilized  to  minimize  these  by-products. 


Recently  developed  processes  for  production  of  melamine  from 
urea  and  ammonia  appear  to  involve  the  same  initial  steps  as  production  of 
guanidine  nitrate  from  urea  and  ammonium  nitrate,  namely,  formation  of  HNCO 
from  urea  and  disproportionation  on  the  catalyst.  The  melamine  process  is 
run  at  temperatures  >  350°C  which  avoid  formation  of  cyanuric  acid,  ammelide, 
and  ammeline  and  give  high  concentrations  of  the  reactive  intermediate  which 
then  trimerizes  to  melamine. 


Information  on  possible  reactions  of  phosphates  with  silica  gel 
was  sought  in  view  of  the  finding  at  Hercules  Kenvil  Plant  that  'Hammonium 
phosphate  in  the  ammonium  nitrate  stabilizer  decreases  the  activity  of  the 
catalyst.  Adsorption  of  phosphates  on  mineral  surfaces  has  frequently  been 
reported  but  generally  appears  to  involve  A1  or  Fe  in  t lie  mineral  clays. 
Phosphoric  ac id -impregnated  silica  showed  evidence  of  chemical  reaction  of 
phosphate  groups  with  surface  hydroxyls.  Chemical  reaction  between  PCI3  and 
hydroxyl  groups  of  silica  gel  lias  been  demonstrated  and  offers  an  analogy  to 
what  appears  to  happen  with  diammonium  phosphate.  Specific  references  were 
not  located  for  reaction  of  phosphates  with  silica  gel  under  conditions  of 
the  guanidine  nitrate  reactions.  However,  the  information  in  the  literature 
is  not  inconsistent  with  surface  reaction  of  phosphate  to  inactivate  the 
catalytic  sites  on  3ilica  gel. 

b„  Cor re  la t  m  of  Works  By  Other  Researchers 

Boatright  and  Mac  Kay  of  Pittsburgh  Coke  and  ('‘'.'mi  cal  Company,  U.S.A., 
patented(l)  the  urea/ammonium  nitrate/silica  ge L  method  for  manufacturing  guani¬ 
dine  nitrate.  In  ills  early  work,(^)  Mac Kay  noted  problems  of  catalyst  activity 
decay.  However,  his  vintage  Run  80-83  (1956)  with  downflow  recycle  feed  to  a 
1  inch  diameter  x  24  inch  deep  bed  for  eleven  days  and  seven  hours  per  day  did 
not  exhibit  catalyst  deactivation.  The  column  was  fed  with  a  175"G,  2/1  molar 
melt  (AM/U)  at  an  average  feed  rate  of  2.6  cc /minute .  Pertinent  results  were: 
857.-907.  yield,  cn  70  displacements  ( gm  feed  per  giu  catalyst )  and  a  catalyst, 
mileage  of  14  (gm  GN  per  gm  catalyst).  Presumably,  reagent  grade  and/or  non- 
con  t  ami  nat  nd  AN  and  U  we  e  used. 


Work  by  Martin  and  Roberts  (E.R.D.E.,  England)(3)  using  four- 
cascade  stirred  reactors  (30  gm  S102  each)  with  a  2.75-hour  residence  time 
demonstrated  264  displacements  and  a  catalyst  mileage  of  69  gm  GN  per  gm 
catalyst.  This  experiment  was  a  prolonged  trial  using  recycled  mother  liquor 
resulting  from  urea  dilution  cf  reactor  melt,  crystallization,  GM  separation 
and  evaporation.  Average  feed  rate  (1/1  AN/U)  was  113  gm  per  hour  and  the 
product  averaged  35%  GN,  The  run  was  carried  out  intermittently  for  35  days 
at  8  hours  per  day.  No  drop-off  in  catalyst  activity  was  noted. 


Spasskaja  and  Kazarnovski.i  (U.S.S.R.,  1963)  (&)  operated  a  special 
steel  co’umnar  reactor  with  upfiow  feed  for  150  hours.  It  is  not  certain  if 
the  run  was  conducted  in  a  continuous  manner  >r  intermittently .  A  90%  yield 
accompanied  by  225  displacements  and  a  mileaj  of  110  was  obtained  for  the 
following  conditions:  feed  rate  1.8  kg/hr  (~  4.0  Ib/hr)  at  80-100°C,  0. 7/1.0 
AN/U  ratio  and  reactor  temperate  re  of  190°C.  No  reduction  in  catalyst  acti¬ 
vity  was  reported.  Again,  as  wa^  the  case  for  both  MacKay  and  Martin-Roberts, 
the  types  of  AN  and  U  are  unknown. 


For  reference,  when  employing  ammonium  nitrate  with  a  crystal 
habit  modifier,  the  approximate  catalyst  mileage  and  total  displacement  values 
for  a  14-day  run  of  Houdry  beads  in  the  Kenvil  pilot  plant  while  utilizing 
eigne  4 -inch-diameter  reactors  were  6  lb  GN  per  lb  catalyst  and  ~  300  lb 
'eed  per  lb  catalyst,  respectively.  For  a  single  4-inch-d 1 ameter  reactor 
run  with  Mobil  Sorbeads  (5  days),  the  approximate  mileage  and  displacement 
values  wzre  2.5  and  60,  respectively.  When  commercial,  reagent  grade  AN  was 
used,  Hercules  demonstrated  a  catalyst  mileage  of  68  gm  GN/gm  catalyst  with 
558  displa  cements  (gm  feed/gm  catalyst)  in  a  1-inch-diameter  downflow  reactor. 
Operation  of  4-inch-diameter  reactor  witli  the  same  AN  resulted  in  mileage  and 
displacement  values  of  '*8  and  1 V' t  respectively.  Catalyst  (Houdry  CP- 532 
silica  beads)  was  not  evident  in  either  of  the  latter  experiments. 


Tilt;  literature  indicates  some  decrepitation  in  the  case  of  silica 
gel.  Literature  references  relating  to  work  performed  by  MacKay,  Martin  and 
Robei ts  and  Sparskaya  and  Kazarnovskii  note  that  catalyst  poisoning  was  not 
a  problem  with  fresh  feed.  MacKay  also  reported  no  poisoning  when  using  re¬ 
cycled  material.  However,  there  are  contradictory  comments  t  hr our bout  the 
literature  relating  to  catalyst  regeneration. 


Ammonium  nitrate  prills  purchased  from  the  Hercules '  MT.W  plant 
contain  a  borate  -  phosphate  crystal  habit  modifier.  This  modifier  (boric 
acid,  diammonium  phosphate  and  ammonium  sulfate,  less  tnan  0.5%  total)  is 
added  to  the  ammonium  nitrate  melt  prior  to  prilling  to  produce  prills  that 
art:  less  subject  to  fracture  as  a  result  of  crystal  transitions.  Ammonium 
nitrate  undergoes  1  time  expansion  and  contraction  as  it  passes  through  its 
crystal  transition  temperatures  during  production  and  storage.  Passing  through 
a  crystal  transition  results  in  breakdown  of  prills  and  granules  to  dust  and 
fines.  The  habit  forming  modifier  minimizes  the  size  reduct  ion  and.  conse¬ 
quent  lv  improves  their  bulk  handling  properties. 


Data  presented  by  S.  J.  Gregg  (Chemisorpt  i  on,  W.  E.  Garner,  ed ; 
Butterworths ,  London,  1957,  p.  68)  showed  that  silica  gel  dried  at  200°C  con¬ 
tains  about  6,5%  by  weight  water.  More  than  one-half  of  this  water  is  pre¬ 
sent  as  hydroxyl  and  not  as  adsorbed  water  a9  calculated  frota  silica  gel  sur¬ 
face  area  and  hydroxyl  groups  per  unit  surface  area  data.  If  there  is  about 
1/4%  borates  and  phosphates  ii  the  reactor  feed  and  if  each  hydroxyl  is  in¬ 
activated  by  a  borate  or  phosphate,  ten  to  a  hundred  displacements  (lb  feed 
per  lb  catalyst)  would  consume  all  of  the  hydroxyls  and  yield  a  zero  catalyst 
activity. 


10.  Guanidine  Nitrate  Drying 

The  guanidine  nitrate  pilot  plant  us  operated  in  two  successive 
campaigns  to  produce  about  one-ton  of  GN  (dry  basis).  A  portion  of  the  GN 
was  dried  in  the  pilot  plant  Strong-Scott  rotary  dryer;  however,  its  opera¬ 
tion  was  not  entirely  successful  because  cf:  a  buildup  of  GN  within  the  dryer. 
It  became  apparent  that  a  satisfactory  method  for  drying  water-wet  GN  must 
be  found  to  fulfill  the  pilot  plant  requirements  as  well  as  a  design  for  a 
production  plant,  either  the  U/AN  or  BAF  process.  Tests  were  conducted  us¬ 
ing:  (a)  the  modified  (Teflon-coated  paddles)  Strong-Scott  drier,  (b)  a 
Littleford  steam  jacketed  dryer  designed  for  back  mixing,  and  (c)  direct  heat, 
jet  zone  dryer  (Wolverine),  and  (d)  canvas  bags  placed  i..  a  forced  air  dry 
house.  The  results  from  these  drying  tests  showed  that  indirectly  heated  and 
mechanically  agitated  dr'ers  are  unsatisfactory  for  drying  GN.  The  wet  GN 
progressed  from  a  wet  mlid  state  to  a  paste  followed  by  evaporation  of  the 
water  which  resulted  in  a  hard  cake  adhering  to  the  walls,  etc.,  of  the  dryer. 
Drying  GN  in  a  direct- heat  dryer  (e.g.,  hot  air,  a  jet  zone  Wolverine  dryer 
or  a  static  forced-air  dryer)  resulted  in  a  free-flowing  and/or  a  slightly 
agglomerated  dry  product.  Consequently,  indirect-heat  dryers  are  not:  recom¬ 
mended  for  drying  water -wot  GN. 


Seven  drying  tests  were  made  in  three  types  of  mechanical  dryers: 

(1)  Strong-Scott,  C2)  Littleford,  and  (J)  pilot  model  jet  zone.  In  addition, 
water-wet  GN  was  placed  in  canvas  bags  and  dried  in  a  forced-air  (55°C)  dry 
house.  The  tests  are  described  below: 


a ,  Littleford  Dryer  (Model  FM-130  D-l 

Th  s  type  of  dryer  contains  a  rotor  with  plow  shear-shaped  blades 
to  provide  inti  note  mixing  of  solids  within  the  dryer.  This  action  results 
in  a  high  percentage  of  dry  solids  throughout  the  diver  which  should  minimize 
particle  bridging  and  adhesion  of  particles  to  internal  parts.  For  reference, 
the  Strong-Scott  rotary  dryer  installed  in  the  pilot  plant  lias  a  number  of 
pitched  blades  resulting  in  a  pseudo  plug  flow  of  sol  ids  throughout  the  lengt  h 
of  tlie  drver  •  The  Lit  t  lr  ford  dry*  r  was  steam  jacketed  and  gas  purged . 


Test  X2 121-29-1 


Using  16  psig  steam  on  the  jacket  and  a  small  nonheate<J  in¬ 
ert  gas  purge,  a  dryer  trot  was  conducted  in  this  unit.  The  unit  was  charged 
half-full  with  110  lb  of  wet  CN  containing  19.57.  moisture.  In  about  three 
hours,  the  moisture  had  been  reduced  to  2-37.. 


The  initial  wet  ON  was  wetter  than  typical  wet  ON  from  the 
pilot  plant  centrifuge  (~  127,  1120)  .  Its  change  in  form  during  the  drying 
test  was  very  informative.  The  heat  from  the  jacket  of  the  mixer  transferred 
to  the  solids,  resulting  in  a  solids  temperature  increase.  Presumably,  as 
the  temperature  of  the  solids  increased,  the  water  would  hav  flashed  off. 
However,  as  the  solids  became  hotter,  the  ON  solubility  in  writer  increased 
and  the  ON  began  to  dissolve  in  the  water.  The  result  was  a  paste  which 
coated  all  of  the  surfaces  of:  the  mixer.  As  the  temperature  increased  and 
the  water  began  to  evaporate:,  the  result. -nt  coatings  in  the  surfaces  turned 
into  hard,  fused  masses.  The  agitator  scraped  these  surfaces  and  generated 
dry  powder  but  a  good  percentage  of  the  charged  wet  ON  ended  up  as  a  fused 
coat .ng . 


The  paste  stage  that  was  seen  in  tl  is  <1  rcr  explains  whv  'ty¬ 
ing  problems  had  been  experienced  in  the  Strong -Scott  drver.  in  the  Strong- 
Scott  unit,  when  the  fused  cake  built  up  on  trie  wall,  the  rotor  would  start 
to  scrape  it,  resulting  in  a  thumping  action  This  was  rite  final  symptom 
which  terminated  each  of  the  previous  drying  tests  in  the  St  rung- Scott  unit. 
This  property  of  passing  through  the  paste  s-.age  is  in  l  in*  as  well  with  'he 
problems  experienced  j  n  steam  tube  dryers  in  previous  1  tnadian  tests. 

2  Test  X2 121 -40-1 


This  "'in  was  a  repeat  o|  X212!-2‘  1  in  t  in  hi !  t  le  f  rd  drver 
but  without  jacket  heat  and  with  a  heated  (200  ;',  hoi  air  purge  f  V  rfml. 

Its  result  was  similar  to  X2l 21-29-1  with  its  paste  stage  and  resultant  hi: Id- 
up  of  solids  on  the  wall.  Inis  *est  could  have  been  more  success  fill  if  a  in:  t  - 
':«•  r  and  larger  air  distribution  system  ve  re  ava  i  table  on  this  drver.  The  ro¬ 
tation  o'  fbe  Li  t  tie  ford  agitator  had  a  tendemg  to  t  brow  solid-,  into  he  air 
inlet  pipe,  frequently  choking  off  its  flow. 


r> .  St  rong- Sco  1 1  Dryer 

The  Strong-,' ->cott  rotary  dryer  was  d  i  sassemh  I  e«'  ,  and  t  be  nitnr  and 
paddles  were  coated  with  a  3*  mil  1  aver  of  To  *  Ion.  Following  asseinli  l  v  of  the 
coated  shaft ,  a  test  run  (X  21 2 1  -3s  - 1.1  was  made  with  wet  UN.  After  tvs  hunt": 
of  continuous  wet  solids  feeding,  the  drver  began  to  t  bump.  Ins  t  in;  .>!  t  1 
inti  rna  1  walls  showed  that  the  surface  was  crated  with  fused  UN.  Kurt  lie  1  in¬ 
spect  ioa  of  the  inferior  sm  fan  s  showed  t  ha  it  contained  1  intent  at  tons  whe  1  < 
the  paddles  had  sc  raped  through  the  solids  buildup.  The  conclusions  drawn 
from  t  tie  i.  i  t  tie  ford  dr  or  test  were  direet.lv  applicable  tv.  this  tost. 
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c  .  Hot  A i  r  . U_t_ _ ^vi;;t  _D  ry or 

A  Wo  Ivors  tv.*  Jet -Zone  dryer  is  used  .it  Keuvil  for  drying  smoke¬ 
less  powder,  It  is  essentially  a  vibratory  conveyor  which  conveys  the  feed 
solids  along  beneath  a  forest  ol  dovnvard-ili roc  ted  tubes  inside  which  hot 
air  flows  urd  Iron:  vine!:  jet-’  of  hot  air  impinge  ;p.  n  the-  surface  1  f  the  u  ry  - 
ing  sol  ids .  The  local  i ur balance  of  the  hot  air  jets  is  believed  to  promote 
i mp roved  drying, 


Figure  ,9  illustrates  a  pilot  unit  set  up  to  develop  data  for 
jet-zone  drying  of  smokeless  powder  The  unit  was  also  used  to  test  11  MX 
drying.  The  action  of  the  large-scale  air  jets  is  well  duplicated,  but  the 
vibratory  3Ction  of  the  conveyor  is  not  a  part  of  the  pilot  unit.  The  solids 
rest  at  the  bottom  of  a  windowed  container  and  are  essentially  motionless , 
although  there  is  some  : luidization  as  the  top  part  of  the  bed  becomes  dry. 


A  half-pound  charge  of  10%  to  15%  water-wet  CN  (3/4  inch  bed) 
was  added  to  the  container,  which  was  then  clamped  into  place  beneath  the 
jet,  tubes,  Two  runs  were  made  with  unscreened  feed,  and  two  were  made  with 
screened  feed.  Tin;  data  and  drying,  results ,  given  in  Figure  f'O,  show  that 
screening  and  increased  ait  flow  (high  Magneholic  readings)  lend  to  increased 
drying  rates. 


The  determination  ol  l.iie  air  l  low  1  rom  the  Magneholic  readings 
is  not  clear.  An  estimated  value  is  10  elm  at  a  Magnehelic  reading,  ol 
1  inch  ol  water. 


The  outst  and ing  result  tram  the  Jet-Zone  dryer  test  at  Keuvil 
was  that  the  dry  product  was  neither  caked  ror  dusty  and  that:  there  was  omv 
a  slight  .-lubes ion  ol  one  particle  to  another.  Just  the  slightest  touch  ol 
the  finger  caused  the  aggregates  la  separate .  There  was  no  evidence  ol 
pasting  as  had  been  the  case  with  l  he  l.ittletord  diver .  It  was  the  host 
looking  (IN  yet  obtained  from  a  never. 
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reached,  no  more  water  is  brought  to  the  surface,  and  the  solids  begin  to 
dry  as  the  dry-moist  interface  works  downward  in  the  solid  bed.  It  has  been 
demonstrated  that  a  "continuous  tray  dryer"  will  work. 


Calculations  for  a  rough  design  of  a  production  unit  using  a 
Jet-Zone  design  dryer  are  shown  in  Table  77.  The  air  flows  are  reasonable. 

The  question  of  residence  time  is  a  problem  and  is  related  to  the  minimum 
velocity  at  which,  a  unit  can  convey.  The  calculations  show  only  10-minute 
residence  time  at  a  conveying  velocity  oi'  5  feet  per  minute  and  a  wet  solids 
loading  of  2  lb  wet  solids  per  square  foot  (3/4  inch  bed).  To  obtain  a  20- 
minute  residence  time,  it  would  be  necessary  to  convey  at  2.3  feet  per  minute 
and  at  a  wet  solids  loading  of  4  lb  per  square  foot  (1-1/2  inch  bed).  Whether 
drying  rate  i.s  limited  by  air  flow  or  bed  thickness  is  not  yet  known.  In  any 
case,  more  test  work  needs  to  be  done  before  a  dryer  can  be  designed  with 
assurance . 


d.  Forced  Air  Tray  Drying 

Canvas-type  bags  were  filled  with  different  weights  (10,  23  and 
40  lb)  of  water-wet  (  ~  13%)  ON  and  then  placed  on  perforated  trays  in  a  55°C 
forced-air  dry  house.  After  about  60  hours  oi  drying  time,  the  moisture 
contents  of  the  materials  had  decreased  to  <  0.3/.,.  The  di-y  GN,  in  all  cases, 
consisted  of  some  lumps  hut  they  were  triable.  In  view  of  the  time  required 
to  design,  deliver  and  install  a  pilot  model  jet -zone  type  dryer,  it  is 
planned  to  utilize  this  type  of  a  drying  procedure  for  luture  pilot  plant 
operations . 
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TABLE  77 

ROUGH  DESIGN  CALCULATIONS  FOR  A  PRODUCTION  GN  JET-ZONE  DRYER 


1.  A  ;ume  5,000  lb/hr  wet  GN  at  89%  solids. 

2.  Assume  two  parallel  trains  of  two  4  foot  wide  by  25  foot  long  units  in 
series  . 

3.  Assume  surface  inlet  leading  at  2  lb  (wet)  per  square  foot  of  horizon¬ 
tal  area.  (Approximately  3/4  inch  deep  bed  as  at  Kenvil.) 

4.  Assume  conveying  velocity  at  5  ft /min. 

Then  capacity  =  2  units  x  4  ft  width  x  5  ft /min  x 
<50  min/hr  x  2  lb/sq  ft 

=  4,800  lb/hr  versus  5,000  Ib/hr  assumed 

O 

5.  Assume  air  flow  from  nozzles  at  30  scfm/ft^. 

Then  total  flow  per  dryer  =  (30  scfm/ft‘~)  (4  ft  x  25  ft) 

=  3,000  scfm 

6.  What  is  minimum  air  flow  to  evaporate  the  water? 

Heat  to  evaporate  550  lb  wator/hr  =  550,000  Btu, 

If  air  is  cooled  from  250°F  to  150°F 

g  f;  _ _ 550.000  Btu/hr _ _ 

‘—"‘minimum  (0.075  lb  air/sci;  (60  ini  n /nr)  (.  i00“F)  (0.24  Cp ) 

=  5,000  scfm 


NOTICE:  Total  drying  time  is  only  10  minutes  here.  We  depend  up< n 

four  factors  to  give  improvement  over  pi  lot  test  results: 

( 1 )  Use  oi  hot  ter  air  . 

(2)  Break-up  ot  static  take  ct  outlet  oi  first  unit. 

(3)  Vibration  to  give  betfet  beat  transfer  and  mass  transfer, 

(4)  Less  heat  losses  in  the  plant-si.  i  unit  , 
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